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Editorial 


Afferent Impulses in the Renal Nerves 
Hideo Uepa, M. D. and Yasumi Ucuima, M. D. 


T has not been settled whether there are receptors having baroreceptive 
functions in the kidney. Page and McCubbin studied the systemic arterial 
pressure responses to nervous and chemical stimulation of the kidney and found 
no baroreceptors or chemoreceptors in the kidney.®” Heymans observed no 
reflex in the perfused kidneys of spinal dogs.*? On the other hand, Irisawa 
found a fall in systemic arterial pressure during elevation of the pressure in a 
blind sack preparation of the renal artery, and suggested the existence of 
baroreceptors in the wall of the renal artery.®) Likewise, Ueda and his co- 
workers observed reflex hypotension during elevation of the perfusion pressure 
in the kidney of dogs, and suggested the existence of a depressor reflex origi- 
nating from the kidney." 

The centripetal impulses in the renal nerves were recorded by several 
workers.?):7).8),19),13)  Astrém and Crafood showed two types of the impulses 
in rats; the ones of rapidly adapting and of slowly adapting. However, they 
observed no impulses discharging spontaneously.”? We studied the afferent im- 
pulses in dogs and found two types which were different in the mode of excita- 
tion in response to mechanical stimuli; the impulses of low voltages, spon- 
taneously discharging and of slowly adapting (type A), and the ones of higher 
voltages and threshold, not spontaneously discharging, and of rapidly adapting 
(type B). Two discharge patterns were observed in type A impulses; the ones 
which were discharging irregularly with no relations to renal arterial, venous or 
intrarenal pressure waves, and the ones which were discharging regularly at the 
ascents of the intrarenal pressure waves, but not at the ascents of the renal 
arterial pressure waves. The number of the both impulses changed with a 
rise or fall of mean intrarenal pressure.'® 

The afferent impulses in the renal nerves were increased by compression 
of the surface of the kidney,?)”™1) by occlusion of the renal vein,!®:? by 
elevation of the perfusion pressure in the renal artery,*’ and by elevation of the 
intrapelvic pressure.’*) The impulses of the both types appeared or increased 
during these manéuvers in our experiments.!® 


* From the Second Department of Internal Medicine, Faculty of Medicine, University of Tokyo, Tokyo. 
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As to the direct stimuli activating the renal receptors, an increase in renal 
arterial pressure’) and an increase in renal venous pressure were suggested.’ 
Astrém concluded that the slowly adapting spikes were activated by increased 
intrarenal tension, while the rapidly adapting spikes by increased venous pres- 
sure.”) In our experiments in which intrarenal pressure was changed toward 
different directions with renal arterial or venous pressure, the afferent impulses 
of both types increased or decreased respectively with a rise or fall in intrarenal 
pressure, but not associated directly with changes in renal arterial pressure or 
in renal venous pressure.'® 

The type A impulses increased momentarily at the initiation of a fall in 
intrarenal pressure and then vanished or decreased following the intravenous 
injection of vasopressor agents such as norepinephrine, epinephrine, methox- 
amine or angiotensin II. They increased markedly with a return or over- 
shoot of the intrarenal pressure. The type B impulses appeared momentarily 
at descending or ascending limbs of intrarenal pressure.'® 

The impulses of both types were recorded even after the renal capsule was 
resected or after the intrapelvic injection of procaine. However, they disap- 
peared after the injection of procaine into the renal artery.’ 

The impulses recorded appeared to come from receptors locating in the 
interstitial or fatty tissues in the kidney, but not from receptors in the wall of the 
renal artery. Fujiwara and others found the nerve endings which they thought 
to join the medullated fibers in the adventitia of the spiral arteries and their 
surrounding interstitial tissues or fatty tissues.!):).6),1),12) 

The efferent renal nerve activity vanished or decreased and was followed 
by a fall in systemic arterial pressure during compression of the kidney or 
occlusion of the renal vein.) The efferent impulses of a renal nerve was 
inhibited by electrical stimulation of the cut central end of another renal 
nerve.*)}5) The systemic arterial pressure decreased as much as 30 mm.Hg 
during the stimulation of the cut central end of the renal nerve, suggesting that 
the renal receptors participated in the changes of sympathetic nerve activity 
and systemic blood pressure.*) However, it is obscure whether the renal 
receptors be participating in the regulation of systemic arterial pressure or of 
renal circulation in physiological conditions. 
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Parenteral Fluid Therapy Following Cardiac Surgery 
in Childhood 


Yoshiaki Tsucnipa, M.D., Toshio Nakajo, M.D., Masao Hanawa, M.D., 
Shigenori Sawacucui, M.D., Masanobu Isuipa, M.D.,* 
and Masahiro Saricusa, M.D.** 


SUMMARY 


Water and electrolyte balance studies were carried out for 48 hours 
after operations in small children, who underwent cardiac surgery with 
or without extracorporeal circulation. 

Insensible water loss, obligatory urine water and minimum require- 
ment of water were determined. Serum osmolarity and body weight 
changes in relation to water intake were examined. An adequate dose 
of water was concluded to be 1,100 ml./M.?/day to 1,400 ml./M.?/day in 
the first postoperative day and 1,000 ml./M.?/day to 1,400 ml./M.?/day in 
the second postoperative day. 

Serum Na, K and Cl concentration values were within or close to 
normal range throughout these studies. Interrelations between intake 
and gain-or-loss of electrolytes (Na, K and Cl) were examined. It was 
found that sodium and chloride intake up to 40-50 mEq./M.?/day are 
advisable. 


Additional Indexing Words : 

Water Electrolyte Balance study _Insensible water loss Mainte- 
nance dose Extracorporeal circulation Hemodilution Pulmonary 
edema 


HE purpose of this investigation was to determine suitable parenteral 
administration of water and electrolytes following cardiac surgery. The 

study included cases with and without extracorporeal circulation in early 
childhood. 

Overhydration should be avoided after cardiac operation. However, in 
small children too severe limitation of parenteral fluids will result in metabolic 
disturbances from dehydration. Because of this, administration of some 
excess water is advisable, if we can do so safely. So, the prime purpose of this 


investigation centered upon the measurement not only of minimum require- 


From the Second Department of Surgery and the Department of Thoracic Surgery, Faculty of 
Medicine, University of Tokyo, Tokyo. 
* Associate Professor, Department of Surgery 
** Professor, Department of Thoracic Surgery 
Received for publication July 6, 1968. 
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ments,» but also of the maximum dose of water, which can be safely given. 

Administration of sodium or potassium to post-cardiac-surgery patients 
has been recommended by some authors,” but advised against by others.” 
But no balance study has been performed to determine the daily optimal dose 
of electrolytes after cardiac surgery. 


MATERIALS AND METHODS 


The subjects of this investigation were 20 children, 9 months to 9 years of age, 
who weighed 5.6 Kg. to 18.5 Kg. and whose body surface area ranged between 0.31 
M.? and 0.83 M.? Extracorporeal circulation was used in 11 children, and the 
9 underwent cardiovascular operations without the pump-oxygenator. 

In cases with extracorporeal circulation, a moderate degree of hemodilution 
was obtained with Ringer’s solution. Metabolic acidosis was corrected by 7 per 
cent sodium bicarbonate solution. Through extracorporeal circulation, 98% oxygen 
—2°, carbon dioxide gas was used in oxygenation and the patients were cooled down 
to 26°C-32°C esophageal temperature. 

All balance studies were carried out in the Thoracic Surgery Department of the 
Tokyo University Hospital between October, 1964 and September, 1966, during 
which time no remarkable alternation was made in techniques of the perfusion and 
the operation. 

Each patient was studied for 48 hours from the end of the operation and attended 
at all times during the study by one of the authors. Throughout the study, each 
patient was kept in an oxygen tent with 70 to 85 per cent humidity and 18°C to 
22°C. temperature. 

Each patient was weighed before and at the end of operation and 24 and 48 
hours after the end of operation. Appropriate deductions were made for urine in 
the bladder, thoracic catheters, bandages and clamps used to occlude the catheters 
during weighing. Both in the operating room and the recovery ward, body weights 
were determined on the same scale, suitable for children under 20 Kg. of weight. 

Blood was drawn from each patient before, during and at the end of operation 
and 2, 6, 24 and 48 hours after the end of operation. Each blood sample was used 
to determine hematocrit, plasma protein, serum Na, K, Cl concentration values and 
serum osmolarity. 

Urine was collected by spontaneous urination or catheter sampling. Catheter 
urine was obtained every 3 or 4 hours in cases of female children. The volume 
and specific gravity of urine were measured and thereafter urinary osmolarity and 
Na, K and Cl concentrations were determined. 

Stool did not occur during the study of any patient in this series. Small amounts 
of vomitus were estimated and, when larger, volumes were measured and Na, K 
and Cl concentrations were determined. 

Drainage from mediastinal spaces, thoracic and pericardial cavities was col- 
lected in glass cylinders calibrated in 5 ml. increments and regarded as blood loss 
of the same constitution as the circulating blood. Throughout the study, blood from 
tube-drainage and that drawn for examination was replaced volumetrically by 
blood preserved in ACD solution, which was calculated as 4 parts of blood and | 
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Table I. Multiple Electrolyte Solution and Standard 
Maintenance Dose of Water and Electrolyte 





Multiple Electrolyte Solution 


Solution A Solution B 
Sodium 30 mEq./L. 35 mEq./L. 
Potassium 0 20 mEq./L. 
Chloride 20 mEq./L. 35 mEq./L. 
Lactate 10 mEq./L. 20 mEq./L. 
Glucose 4.3W/V% 4.3W/V% 





Standard Maintenance Dose 


- : Second Postoperativ 
First Postoperative Day Second Postoperative 


Day 
Water 1,200 ml./M.?/day 1,500 ml./M./day 
Sodium 36 mEq./M.?/day 52.5 mEq./M.?/day 
Potassium 0 30 mEq./M.?/day 
Chloride 24 mEq./M.2/day 52.5 mEq./M.2/day 


part of ACD solution. 

Surface area was calculated from the equation of Du Bois and Du Bois.» All 
data in this study are expressed in terms of | M.? body surface per 24 hours. 

Multiple electrolyte solution was given by an intravenous catheter at approxi- 
mately the same rate through 24 hours. Solution A (Table 1) was given on the first 
postoperative day at a standard maintenance rate of 1,200 ml./M.?/day and Solution 
B was given on the second postoperative day at a standard maintenance rate of 
1,500 ml./M.?/day. Peroral intake of water and electrolytes was not allowed in any 
cases on the first postoperative day and in a few patients small amounts of Solution 
B were given orally on the second postoperative day. The volume of administered 
fluid was measured by the scale on the side of the bottle, the accuracy of which was 
checked by a glass cylinder afterwards. The volume of each injection such as car- 
diotonics, antibiotics, hemostatics and analgesics was recorded and Na, K and Cl 
concentrations were determined. Electrolytes in these injections were of consider- 
able amounts. 


CALCULATIONS 


All water given parenterally (Solution A, Solution B, injections, ACD solution 
and plasma component of ACD preserved blood) and given orally (Solution B) 
are calculated as total intake of water. All sodium in solutions above is calculated 
as total intake of sodium. 

Water or sodium in vomitus and plasma component of blood loss are abnormal 
loss of water or sodium. Maintenance dose of water or sodium, which is more 
important than total intake in analysing water and electrolyte metabolism, was 
calculated as the following. 











dey ste teres isi. 








No. 6 PARENTERAL FLUID THERAPY FOLLOWING CARDIAC SURGERY 523 


Water Metabolism 


}e—— Maintenance Dose of Water ——+| 

















Gain Loss 
Total Intake of Water Gee Body 
Cells | Weight 
Abnormal 
oe os Urine Volume 
Water 











( Insensible Water Loss) 
0. 935 : 





— Weight Loss» 


Electrolyte Metabolism (Sodium) 


fe Mai tenance Dose of Sodium> 














tal Intake of Sodium 
Abnormal 
a Urinary Excretion of Sodium 
Sodiurr 











or = 
of Sodium | 


Fig. 1. Calculations. 
Maintenance Dose of Water 
=Total Intake of Water—Abnormal Loss of Water 
Maintenance Dose of Sodium 
=Total Intake of Sodium— Abnormal Loss of Sodium 
Gain or loss of sodium (Na balance) was calculated from the following equation 


(Fig. 1). 
Gain or Loss of Sodium (Na balance) 
= Maintenance Dose of Sodium— Urinary Excretion of Sodium 
The same calculation was made in the metabolism of potassium and chloride. 
Insensible water loss was assumed to be 93.5 per cent of the insensible weight 
loss,®»?) which was calculated as in Fig. 1. 
Urinary excretion of solute was calculated by multiplying the urine volume 
(ml.) by the urine osmolarity (mOsm./L.). 
Urinary Excretion of Solute 
= Urine Volume (ml.) x Urine Osmolarity (mOsm./L.) 
Obligatory urine water was calculated on the assumption that the average 


maximal concentration of urine is 1,000 mOsm./L. in postoperative periods. The 
equation is thus, 


Obligatory Urine Water (ml.) 
= Urinary Excretion of Solute (mOsm.) x 1 (ml./mOsm.) 
Osmolarity of serum and urine was determined by freezing point depression®? 
with an advanced osmometer. Sodium and potassium were determined by Hitachi 
photo-electric spectrophotometer, and chloride by Schales and Schales’ method.* 


RESULTS 
Water Metabolism 
1) Serum Osmolarity and Serum Na 


Serum osmolarity during operation was high in patients with the pump- 
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Table II. 


Insensible Water Loss, Obligatory Urine Water 


and Minimum Requirement of Water 


Changes in serum osmolarity and Na, K and Cl concentrations. 





Jap. Heart J. 
November, 1968 


(ml./M.?/day) 





First Postoperative Day 


Insensible Obligatory 
Water Urine 
Loss Water 
With — 689+ 83* 626+ 199* 
Perfusion 
Without 839 + 196* 631 + 122* 


Perfusion 


755+ 159* 


628 + 167* 


Minimum Insensible Obligatory 
Requirement Water Urine 
of Water Loss Water 
1 ,045+247* 566+164*  586+104* 
1,200+236* 747+300* 615+158* 
1,114+246* 650+246* 600+128* 


(* is ¥U*:U*=Universal variation of the sample) 


Second Postoperative Day 


Minimum 
Requirement 
of Water 


882 + 225* 
1,091+311* 


980 + 275* 


oxygenator (Fig. 2). Postoperatively serum osmolarity as well as serum sodium 


concentration decreased gradually in both groups. 


Postoperative decrease of 


serum Na and osmolarity was larger in patients without perfusion than in those 


with it. 


2) Minimum Requirement of Water 


Minimum requirement of water was calculated by the following equation. 
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M.R.W.=I1.W.L.+0.U.W.—M.W. 


,where M.R.W. represents the minimum requirement of water, I.W.L. the 
insensible water loss, O.U.W. the obligatory urine water and M.W. the 
metabolic water. Abnormal losses such as naso-gastric suctions were re- 
placed each time by a fluid of the same constitution and so should not be in- 
cluded in calculation of the minimum requirement of water. 

The insensible water loss was determined by the calculation above 
(Fig. 1). As Table II shows, the mean value of insensible water loss in patients 
without pump-oxygenator was larger than in those with it, but the difference is 
statistically insignificant. 


I.W.L. in the Ist postoperative day 755+ 159* ml./M.?/day 
I.W.L. in the 2nd postoperative day 650+246* ml./M.?/day 


The obligatory urine water was calculated from urinary excretion of 
solute. 


O.U.W. in the Ist postoperative day 628+ 167* ml./M.?/day 
O.U.W. in the 2nd postoperative day 600+ 128* ml./M.?/day 


Metabolic water was assumed to be 270 ml./M.?/day.!” 
Minimum requirement of water was obtained by substituting into the 
equation the data above. 


M.R.W. in the Ist postoperative day 1,114+246* ml./M.?/day 
M.R.W. in the 2nd postoperative day 980+ 275* ml./M.?/day 


The difference in minimum requirement of water between the patients 
with pump-oxygenator and those without it, or between the first and second 
postoperative day, was not statistically significant. 

3) Upper Limit of Water Intake 

The data above refer to the minimum dose of water required. Water 
intake less than this amount will result in metabolic deterioration from dehy- 
dration. So, from a practical standpoint, administration of some excess water 
is advisable, if it can be done safely. 

The interrelation of serum osmolarity and maintenance dose of water is 
shown in Fig. 3. Serum osmolarity was higher in cases of smaller maintenance 
doses of water, whereas levels of less than 270 mOsm./L. of serum osmolarity were 
seen when the maintenance dose of water was larger than 1,400 ml./M.?/day. 

Body weight changes and maintenance dose of water are shown in Fig. 4. 
Body weights without urine in bladder were compared. Weight gains were 


* is Vu?: u2=universal variation of the sample 
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Fig. 3. Relationship between amount of water given and serum osmolarity. 
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Maintenance Dose of Water 


Amount of water given as maintenance therapy 
Fig. 4. Relationship between amount of water given and the percentage 
change in body weight. 


observed when the maintenance dose of water was larger than 1,400 ml./M.?/day. 
It was therefore concluded that water intake should be less than 1,400 ml./M.?/ 
day. 

Among the harmful effects of overintake of water, pulmonary edema is 
most feared after cardiac surgery. In 2 cases of this study, pulmonary 
edema occurred because of extraordinarily large amounts of blood or fluid 
administered during operation. During the postoperative course in these 
cases, water was restricted to 1,339 ml./M.?/day or 1,017 ml./M.?/day and a 
few hours later pulmonary edema subsided without any recurrence. In the 
other 18 cases given from 962 ml./M.?/day to 1,859 ml./M.?/day of water, no 
pulmonary edema was seen. So it was concluded that a water intake of less 
than 1,400 ml./M.?/day was safe if it was given at approximately the same rate 
throughout 24 hours. 
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4) Conclusions 

The appropriate maintenance dose of water is 1,100 ml./M.?/day to 
1,400 ml./M.?/day in the first postoperative day and 1,000 ml./M.?/day to 
1,400 ml./M.?/day in the second postoperative days. 

Electrolyte Metabolism 

Approximately the same dose of electrolytes were given to both groups 
with and without extracorporeal circulation. 

1) Serum Na, K and Cl Concentration Values 

The serum sodium concentration values, which largely reflect water 
metabolism, were parallel to serum osmolarity and showed a gradual decrease 
during the first and second postoperative days (Fig. 2). 

Serum potassium concentration values in patients without extracorporeal 
circulation showed a gradual increase during the first and second post-operative 
days. In children with extracorporeal circulation, serum potassium concen- 
tration values were higher during perfusion. They showed slight hypokalemia 
2 or 6 hours after operation, but thereafter a gradual increase was observed 
during the first and second postoperative days (Fig. 2). However, these serum 
electrolyte values remained within or close to normal range in all subjects. 

2) Maintenance Dose and Gain or Loss of Electrolytes 

In Fig. 5, interrelations are shown between maintenance dose and gain 
or loss (=balance) of electrolytes. When the maintenance dose of sodium was 
larger, sodium accumulation occurred, whereas the balance was negative on 
smaller maintenance doses of sodium. From these data, it was concluded that 
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Fig. 5. Relationship between maintenance dose and gain or loss (balance) 
of sodium, potassium and chloride. 
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the appropriate dose of sodium is 40-50 mEq./M.?/day, on the assumption that 
the maintenance dose should be the same as output. 

In the first postoperative day, potassium balance showed an average loss 
of 50 mEq./M.?/day, because no potassium was given during this severely ill 
period. During the second postoperative day, about 30 mEq./M.?/day of 
potassium was given, and the potassium balance was still negative. 
potassium may be given, but it is difficult to standardize the daily maintenance 
dose of potassium, because hyperkalemia was often seen in patients with cir- 


culatory failure. 


Chloride balance in relation to chloride maintenance dose is also shown 
An appropriate dose of 40-50 mEq./M.*/day was concluded on the 
basis of identical results as those found with sodium metabolism. 


in Fig. 5. 


In 1957, Sturtz and his associates! carried out 21 balance studies in child- 
ren after open heart surgery and gave 493 ml./M.?/day and 765 ml./M.?/day 
of minimum water requirement (Table III). 
water is discussed, abnormal losses should be excluded in calculation—there 
must be clear distinguishment between maintenance therapy and abnormal loss 
So, their data could be regarded as 493 ml./M.?/day and 615 ml./ 
M.*/day of minimum water requirement (minimum maintenance dose of 
Comparing our data with Sturtz’s investigation in Table III, a large 
difference is found especially in insensible water loss and obligatory urine water. 

As for insensible water loss calculated in this investigation, the following 
actors have to be kept in mind. 


therapy.!)—) 


water). 
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DiscussION 


1) Younger children were studied. 


2) Oxygen tents with 70-85 per cent humidity were employed, whereas 


Table III. 


Minimum Requirement of Water 
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in Sturtz’s studies” the tent was filled with water mist. 
Insensible water loss obtained in this investigation is more physiological and 
more closely approximates to Heeley-Talbot’s equation. 

Obligatory urine water reflects urinary excretion of solute. Even with 
appropriate deduction of solute intake due to low-electrolyte solution used in this 
investigation, urinary excretion of solute in the first postoperative day is much 
larger than that in Sturtz’s studies.) This probably is explained by the differ- 
ence in the methods of the perfusion, such as hemodilution, rate of perfusion 
and so forth. 

With these considerations, it is found that the minimum requirement of 
water varies with the age of the patient, humidity in the oxygen tent, method of 
perfusion and solutions used in parenteral fluid therapy, and so it should be 
determined in each Cardiovascular Surgical Unit respectively. The minimum 
requirement of water discussed above should be considered to be the lower limit 
from a clinical standpoint. Some patients, who were given water in amounts 
close to the minimum requirement, not only complained of severe thirst, but also 
demonstrated clinical sings of dehydration in skin and oral mucosa. In small 
children, who need adequate hydration, the maintenance dose of water should 
be near 1,400 ml./M.?/day. As was shown in this investigation, on a main- 
tenance dose of water near 1,400 ml./M.?/day, no postoperative pulmonary 
edema developed. From the standpoint of water metabolism, there must be 
clear distinguishment between the postoperative cardiac patients with good 
cardiac output and those with circulatory failure. The latter can be diagnosed 
by urine volume, urinary osmolarity and clinical signs.’».!© If circulatory 
failure is ruled out, it is safe and advisable to use maintenance doses of water 
up to 1,400 ml./M.?/day. 

Postoperative hyponatremia-hyperkalemia was observed in this investi- 
gation (Fig. 2). This seems to correspond to the post-traumatic Na-K shift!” 
noted in general surgery. Although the precise mechanism of this hypona- 
tremia is not clearly understood, dilution by sodium free metabolic water and 
low electrolyte parenteral fluid is thought to be of primary importance. For 
example, if we had used only 5 per cent glucose solution in these balance studies, 
more marked hyponatremia supposedly would have been seen. So it was felt 
advisable to use some sodium postoperatively. As has been demonstrated in 
postoperative patients after general surgery,'® increased intake of sodium will 
cause sodium accumulation, whereas negative balance occurs if the parenteral 
sodium dose is too little. In this investigation it was found that parenteral 
administration of 40-50 mEq./M.?/day of sodium does not cause negative or 
positive balance and sodium intake up to 40-50 mEq./M.?/day seems to be a 
safe and advisable dose. 
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Hemodynamic Effects of Propranolol in Patients with 
Fallot’s Tetralogy at Rest 


Kenji Iro, M.D., Akira Furuse, M.D., Sohgen Boku, M.D., 
and Masahiro Saicusa, M.D. 


SUMMARY 

The hemodynamic effects of propranolol at rest were studied in 13 
patients with Fallot’s tetralogy. After the infusion of propranolol into 
right ventricle, heart rate and blood pressure decreased in all cases, whereas 
there were no definite tendencies in changes of right ventricular pressure, 
its first derivative, and arterial oxygen saturation. The results obtained 
indicated that propranolol has little, if any, effects in relieving the right 
ventricular outflow tract obstruction in Fallot’s tetralogy at rest. The 
changes of arterial oxygen saturation depend mainly on the changes of 
total peripheral resistance. It is concluded that the role of sympathetic 
activity in producing cyanosis at rest in Fallot’s tetralogy is minimal. 


Additional Indexing Words : 


Heart rate Blood pressure’ Right ventricular pressure Right ven- 
tricular dp/dt Arterial oxygen saturation Angiocardiography Dye 
dilution curve Total peripheral resistance 


HE effects of beta-adrenergic blockade on relieving anoxic spells in 
‘i Fallot’s tetralogy have been studied in recnet years,'— suggested by the 
fact that beta-adrenergic blockade was useful in relieving functional left ven- 
tricular outflow obstruction in idiopathic hypertrophic subaortic stenosis.® 
Further, the effects of beta-adrenergic blockade in exercise,*) beta-adrenergic 
stimulation with isoproterenol,*®*) or operative intervention’) have been 
evaluated and the same effects of relieving right ventricular outflow tract 
obstruction have been reported. Above mentioned reports, however, have 
their common denominator in studying the effects of beta-adrenergic blockade 
under certain stresses. It seems reasonable that in sympathomimetic state, 
beta-adrenergic blockade relieves the functional constriction of right ventricular 
outflow tract. This report concerns the hemodynamic effects of propranolol 
at rest in Fallot’s tetralogy. 


From the Department of Thoracic Surgery, Faculty of Medicine, University of Tokyo, 
Tokyo. 
Received for publication Jnly 22, 1968. 
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Table I 
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Propranolol 
(mg./Kg.) 
B 
ym 6. M. 0.05 
A 
B 
J.M. 10, M. 0.2 
A 
B 
K. N. 7.M 0.2 
A 
B 
M.N. 11. M. 0.1 
Blalock’s Op. \ ; 
B 
N. I 12. M. 0.2 
A 
K. K. 13. M. . 0.1 
Blalock’s Op. , 
A 
B 
K.S. 14. M. 0.1 
Blalock’s Op. : 
A 
S. O. 16. F. . 0.2 
Blalock’s Op. a 
A 
S. K. 17. M. ’ 0.2 
Blalock’s Op. i 
A 
K. F. 24. F. “ 0.2 
Blalock’s Op. = 
A 
S. K. 4. F. 0.2 
Blalock’s Op. _ 
A 
B 
K. I 25. M 0.1 
A 
B 
T. M. 29. M. 0.00 


Heart Rate 
(min.) 


91 


125 


105 


78 


67 


97 


81 


73 


70 


49 


73 


66 


60 


67 


Blood Pressure 
(mm.Hg) 


110/76 
92/72 
84/38 
76/46 

104/76 
94/76 

120/76 

112/72 
98/70 
90/70 

118/90 


114/88 


141/98 
130/98 
134/64 
124/54 
108/76 
104/78 
135/78 
120/75 
160/120 
160/114 
106/82 


100/80 


R.V. Pressure 


(mm.Hg) 


116/0-15 
120/-20-22 
97/10-14 
102/13-17 
192/20-23 
187/20 
120/14-19 
119/0-14 
105/5-17 
86/9-12 
116/16 
130/-11-19 
132/15-23 
119/10-20 
140/0-16 
140/-14-13 
120/0-20 
113/3-20 
112/11-17 
114/11-17 
140/17-22 


136/13-17 


=n 
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R.V. Peak dp/dt 
(mm.Hg/sec.) 


L, 
i, 
3, 
9 

I, 


1, 


l 


1, 


2, 


h, 


230 
450 
061 
078 
845 


640 


,950 


950 


932 


830 


488 


Oxygen Saturation 


Arterial (Vol.%) Venous (Vol.%) (dynes-sec-cm.~*) 


91 


83. 
76. 
79. 
89. 
88. 
91. 
91. 


68.5 


80.5 
83. 
89. 
92. 


91. 


.O 


4 


to 


w 


71 


71 


46 .¢ 


60. 


61. 


9 


.O 


i) 


~ 


Peripheral 


Resistance 


1 ,660 
935 


933 


2,110 
1,092 


1,658 


631 


2,184 


1,107 


Patterns of Right 
Ventricular Outflow 
Tract Obstruction 


Valv. P.S. (+) 
Intermediate Inf. P.S. 


Valv. P.S. (+) 
Localized Inf. P.S. 


Valv. P.S. (+ 
Tubular Inf. P.S. 


Valv. P.S. (+) 
Localized Inf. P.S. 


Valv. P.S. (—) 
Tubular Inf. P.S. 


Valv. P.S. (—) 
Localized Inf. P.S. 


Valv. P.S. (—) 
Localized Inf. P.S. 


Valv. P.S. (+) 
Intermediate Inf. P.S. 


Valv. P.S. (—) 
Localized Inf. P.S. 


Valv. P.S. (+) 
Intermediate Inf. P.S. 


Valv. P.S. (+) 
Tubular Inf. P.S. 


Valv. P.S. (+) 
Tubular Inf. P.S. 


Valv. P.S. (+) 
Localized Inf. P.S. 
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METHODs 


Thirteen patients with Fallot’s tetralogy, including one case with previous 
Brock’s valvotomy and 6 cases with Blalock’s anastomoses, ranging in age from 6 to 
29 years, were subjected to study. After routine selective angiocardiography, pro- 
pranolol, from 0.05 to 0.2 mg. per Kg. body weight, was infused into right ventricle. 
Heart rate, blood pressure, right ventricular pressure and its first derivative, and 
oxygen saturation of arterial and venous blood were measured before and 10 min. 
after the administration of propranolol. In 2 cases, dye dilution curves were ob- 
tained and the changes of right-to-left shunt were estimated. "The hemodynamic re- 
sults obtained were correlated with the types of right ventricular outflow tract ob- 
struction evaluated angiocardiographically and/or by operative findings. 


RESULTS 

Full data are presented in Table I. 

1) Heart rate: In all cases, heart rate decreased from 5.5 to 42.3% of 
control values (Fig. 1). 

2) Blood pressure: In all but one, blood pressure fell from 4 to 16.5%, 
of control values (Fig. 1). 

3) Right ventricular pressure: Right ventricular systolic pressure 
unchanged in one case, decreased in 6 from 0.7 to 18°, and increased in 4 from 
2 to 12%, of control values (Fig. 2). Right ventricular end-diastolic pressure 
unchanged in 6, and increased in 3. 

4) First derivatives of right ventricular pressure: Peak dp/dt of right 


ventricular pressure unchanged in one case, decreased in 6 from 11 to 53%, and 
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increased in 4 from 9.7 to 96°% of control values (Fig. 2). The negative peak 
dp/dt of right ventricular pressure unchanged in 2 cases, decreased in 4 from 
5.2 to 37.5% and increased in 5 from 8.3 to 71.2% of control values. 

5) Isometric contraction time of right ventricle: The right ventricular 
isometric contraction time unchanged in 5 cases, shortened in 1, and pro- 
longed in 5. 

6) Arterial oxygen saturation: Arterial oxygen saturation unchanged 
in one case, increased in 7 from 0.4 to 7.3%, and decreased in 5 from 0.2 to 
8.5°%, of control values (Fig. 3). 


7) The oxygen saturation of right ventricle unchanged in 1 case, 
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Control R—L Shunt 22% 
Saoz 91.2% 


Propranolol! R—-L Shunt 28 % 
Saoz 91.9 % 
Fig. 4 


Table II. Relation of the Types of Right Ventricular 
Outflow Obstruction and the Response 
to Propranolol 





Infundibular Valvular Stenosis 
Localized Intermediate Tubular - - 
Responsive + l 2 5 2 
Non-responsive 3 3 0 4 2 
increased in 4, and decreased in 7 (Fig. 3). 


8) Total peripheral resistance decreased in 4 cases from 6 to 43.7%, 
and increased in 6 from 8 to 51.5°, of control values. 

9) Dye dilution curves: Right-to-left shunt increased 27°, of control 
value in | case (Fig. 4), and essentially unchanged in another. 

10) The types of right ventricular outflow tract obstruction: As shown 
in Table II, there is no definite relationship between the types of right ven- 


tricular outflow tract obstruction and the effect of propranolol. 


Discussion 
In considering the mechanisms of hemodynamic changes by any drugs, 
it seems necessary to know the fundamental intracardiac pressure and flow 


relationships. Levine et al.*) demonstrated from their studies on the instan- 
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taneous pressure-flow relationships across the ventricular septal defect in 
tetralogy of Fallot that the right-to-left shunt occurred at 2 phases and 2 
sites during the cardiac cycle ; namely, during early ventricular ejection into 
the aorta, and during isovolumic ventricular relaxation directly across the 
ventricular defect into the left ventricle, and left-to-right gradients and 
shunting across the defect occurred during isovolumic ventricular contrac- 
tion and during diastole. The mechanisms of decreasing right-to-left shunt 
by beta-adrenergic blockade are considered to result from the increase in 
left-to-right pressure gradients during isovolumic contraction and diastole, 
and the decrease or the inversion of left-to-right pressure gradients during early 
ventricular ejection and isovolumic relaxation. The results obtained from our 
studies, namely, the elavation of right ventricular pressure during early ven- 
tricular ejection, the prolongation of ejection phase and sometimes the abnormal 
elevation of end-diastolic pressure in some cases after the administration of 
propranolol shows the unfavorable effects in order to decrease right-to-left 
shunt. Contrariwise, the increase of relaxation velocity during isovolumic 
relaxation has favorable effect on increasing left-to-right shunt. In other way, 


relation of the changes of arterial oxygen saturation to the changes of right 
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ventricular systolic pressure, right ventricular peak dp/dt and total peripheral 
resistance was evaluated. As the increase of right ventricular systolic pressure 
and its peak dp/dt and the decrease of total peripheral resistance are to increase 
right-to-left shunt and consequently decrease the arterial oxygen saturation, 
whereas the decrease of right ventricular systolic pressure and its peak dp/dt 
and the increase of total peripheral resistance decrease right-to-left shunt, there 
must be negative correlation between the changes of right ventricular systolic 
pressure and its peak dp/dt and the changes of arterial oxygen saturation, 
and positive correlation between changes of total peripheral resistance and those 
of arterial oxygen saturation. As shown in Fig. 5, the effect of beta-adrenergic 
blockade in relieving cyanosis is considered to be most dependent on the 
increase of total peripheral resistance. The fact that the natural fluctuation 
in the degree of cyanosis at rest in Fallot’s tetralogy ranges from —19.4 to 
+ 14.6%, in arterial oxygen saturation should be taken into consideration when 
evaluating the pharmacologic effects. The increase of arterial oxygen satu- 
ration after the administration of beta-adrenergic blockade were within 10%, 
in most reported cases. 
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Reversed Splitting of the Second Heart Sound 
in Arterial Stenotic Lesions 


Tsuguya Sakamoto, M.D., Tetsuro YAmapa, M.D., 
Zen’ichiro Uozum1, M.D., Sheng Yu Cuane, M.D., 
Hidezo NAKAmuRA, M.D., and Hideo Urpa, M.D. 


SUMMARY 


The behavior of the splitting of the second heart sound was analyzed 
in 78 cases with peripheral arterial stenosis, including 51 of “ aortitis syn- 
drome ”’ (Takayasu’s arteritis). 

Reversed or paradoxical splitting was observed in 10 cases of aortitis 
syndrome and | case with renal artery stenosis. Frequent occurrence of 
the reversed splitting was observed in “ extensive’ form of aortitis syn- 
drome (8 out of 18 cases, i.e. 44%). 

Correlative study disclosed that the reversed splitting was frequently 
associated with gallop rhythm and exaggerated “‘a’’ wave as well as 
systolic bulge in the precordial low-frequency tracing (particularly the 
apex cardiogram). Frequent coincidence between the reversed splitting 
and aortic regurgitation was observed in aortitis syndrome (8 out of 17 
cases with aortic insufficiency). Cardiac enlargement on the chest roent- 
genogram and the electrocardiographic left ventricular hypertrophy and 
ischemic change as well as OT prolongation were frequently present in 
cases with reversed splitting. 

The mechanism of the reversed splitting in peripheral arterial stenotic 
lesion was discussed. 


Additional Indexing Words : 

Auscultation Phonocardiography Aortitis syndrome (Takayasu’s 
arteritis) Renovascular hypertension Myocardial incompetence 
QT prolongation 


tions have been proposed to cause the reversed splitting.?)—® 
Since 1961, the occasional incidence of the reversed splitting of the second 
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EVERSED or paradoxical splitting of the second heart sound was first 
described by Wolferth and Margolies” in cases with complete left bundle 
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heart sound in cases with peripheral arterial stenotic lesion has been noticed and 
sporadically published.®-® In the present study, the real incidence of this 
phenomenon was estimated by cumulative materials and the associated clinical 


findings were analyzed to search for the additional information regarding the 
genesis of the reversed splitting. 


MATERIALS AND METHODS 


Phonocardiographic, phonoarteriographic and angiographic studies were per- 
formed in a total of 78 cases with arterial stenotic lesion, including 51 of aortitis 
syndrome (Takayasu’s arteritis). Their age distribution was varied from 9 to 66 
years with an average of 32.3, and sexual difference was 18 male and 60 female. 
Phonocardiograms and phonoarteriograms were recorded using dynamic microphone 
and multi-filter system phonocardiograph as previously illustrated.-™ Identifica- 
tion of the two components of the second heart sound was made on the simultaneous 
tracings from various auscultatory areas taken during spontaneous respiration. All 
cases with reversed splitting had unequivocal 2 components of the second heart 
sound, which were separated each other from 0.02 to 0.04 sec. in expiration. 


Carotid 
pulse tracing was taken in many cases. 


Aortography as well as selective arterio- 
graphy were performed injecting the dye (Angio-Conray) via catheter inserted to 
the aorta by Seldinger’s technique or translumbar puncture to examine the exact 
location and the severity of the stenotic changes in aorta and its branches. Evalua- 
tion of the clinical data was mainly made on the auscultation and phonocardiograms, 
chest roentgenograms, and electrocardiograms. 


RESULTS 


Incidence of reversed splitting of the second heart sound (Table 1): 

Reverved splitting was observed in 1] out of 78 cases (14.1%). Ten of 
these 11 had aortitis syndrome as the underlying disease. ‘These 10 corresponded 
to one-fifth of the cases with aortitis syndrome examined (19.6%). In various 
forms of this syndrome, however, extensive form, in which both thoracic and 
abdominal aorta and their branches were involved, showed the highest incidence 
of 44.4%, i.e., 8 out of 18 cases had the reversed splitting. In the other forms of 
aortitis syndrome the reversed splitting was less frequent, and so was it in the 
stenotic arterial lesions other than aortitissyndrome. Renovascular hypertension 
alone was the infrequent cause of the reversed splitting (1 out of 16 cases ; 6.3%). 

In regard to the age, the reversed splitting was not observed in 11 cases 
below the age of 20. However, each decade over 20 years had almost equal 
incidence of this abnormal splitting. 

Clinical observations (Table 11) : 


Gallop rhythm: The group with reversed splitting frequently had gallop 
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Table I. Incidence of Reversed Splitting of the 
Second Heart Sound 





Reversed Splitting 


Present Absent 
1. Age 
9-20 yrs. 0 11 cases 
21-40 yrs. 7 37 
41-66 yrs. 4 19 
2. Classification of underlying disease 
A. Aortitis syndrome (51 cases) 
Extensive form* 8 10 
Aortic arch form 2 27 
Coarctation form 0 t 
B. Other than aortitis syndrome 
Coarctation of the aorta 0 4 
Kinking of the aorta 0 2 
Renal artery stenosis* ] 15 
Others 0 5 
1] 67 


* Cases with renal artery stenosis and aortitis syndrome (6 cases) were 


classified in the group of extensive form of aortitis syndrome. 


rhythm. Ina half of cases, quadruple rhythm was noticed. At the same time, 
prominent “a’’ wave and systolic bulge in the apex cardiogram were often 
observed in such cases. On the other hand, 55 out of 67 cases without reversed 
splitting had no gallop sound. 

Aortic insufficiency: Though the degree of the regurgitation is not so heavy, 
aortic insufficiency was observed in one-third of the cases with aortitis syndrome 
(17 out of 51 cases). Of these 17, 8 cases had reversed splitting, whereas only 3 
out of 61 cases without aortic insufficiency showed reversed splitting. 

Chest roentgenogram: Though the small heart may have reversed splitting, 
general tendency was the high incidence in cases with large heart. 

Electrocardiogram: Reversed splitting was always accompanied by signi- 
ficant left ventricular hypertrophy and strain, and ischemic change was observed 
in a half of cases with reversed splitting. Except one, T wave in the left pre- 
cordial leads (V;—V,) was inverted or at least flat, and Q-T interval was pro- 
longed in most cases with reversed splitting. Thus OTc was ranged from 
0.438 to 0.541 except 1, whereas the QRS duration was normal in all. On 
the other hand, OT prolongation was observed in only 21 out of 67 cases without 
reversed splitting and, furthermore, all these 21 but 2 cases had single second 
heart sound without demonstrable respiratory splitting. One of the 2 excep- 


tional cases was the case of congenital coarctation of the aorta complicated by 








. ; ™ — - Heart 5 
549 SAKAMOTO, ET AL. November, 1988 


Table II. Clinical Data and Reversed Splitting of 
the Second Heart Sound 





Reversed Splitting 


Present Absent 

1. Gallop rhythm 

Quadruple 6 1 cases 

Third sound 2 7 

Atrial sound 3 4 

None 0 55 
2. Aortic insufficiency 

Present 8 9 

Absent 3 58 
3. Cardiomegaly* 

++ (CTR>60%) 4 2 

+ (60% >CTR>50%) s 19 

None (CRT < 50%) 2 38 
4. Electrocardiogram** 

Left ventricular hypertrophy . ’ 

myocardial insufficiency ? 3 

Left ventricular hypertrophy 5 6 

Nonspecific ST-T change 0 9 

Others 0 3 

Normal 0 39 


* Chest roentgenograms of 9 cases were not available or were not 
suitable for the study. 


** Twelve-lead electrocardiogram was available in 70 cases. 


atrial septal defect (autopsy confirmed) and incomplete right bundle branch 
block, and this had fixed splitting. Normal QT interval was observed in the 
remainder cases, and two-thirds of which had usual respiratory splitting of the 
second heart sound. 

Blood pressure: ‘Though the central aortic root pressure was not obtained 
in almost all cases, the highest level of blood pressure in the extremities at the 
time of the phonocardiographic examination was correlated with the presence or 
absence of reversed splitting. No close correlation was confirmed in relation to 
both systolic and diastolic pressure levels. 


ILLUSTRATIVE CASES 


Case 1, T.N., 35-year-old female with extensive form of aortitis syndrome. 
Aortogram showed marked irregularity of the wall and the reduced caliber of the 
abdominal aorta, and the corresponding arterial stenotic murmur was observed over 
the affected site (Fig. 1, below left). Though the aortography in the aortic arch was 
missed, physical examination revealed moderate stenosis of both carotid arteries and 


severe left and moderate right subclavian arterial stenoses. The blood pressure in 
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Fig. 1. Phonocardiograms of case 1. Symbols IIA and IIP represent 
aortic and pulmonic component of the second heart sound. In this case, basal 
IIP is accentuated, so that it is inscribed even in the apical phonocardiogram as 
a definite, but smaller, vibration. Gallop sound (G) is mainly due to the 
third heart sound (III). L=low frequency, M=medium frequency, and H= 
high frequency phonocardiograms (details: see reference 10). Paper speed: 
100 mm./sec. Time lines: 0.1 and 0.01 sec. 
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the right arm was 110/70, whereas it could not be measured in the left and the pulse 
was absent. The blood pressure in the lower extremities was 186/64 or 178/62. 
Stenotic arterial murmurs were identified over both carotid arteries (Fig. 1, below 
right) and over both subclavian arteries. Concomitant aortic insufficiency was 
noticed by the faint but characteristic blowing diastolic murmur best recorded in 
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Fig. 2. Phonocardiogram of case 2. Details: see text. 














oa? REVERSED SPLITTING OF SECOND HEART SOUND 545 


the 3rd left interspace (Fig. 1, top). Besides these, precordial phonocardiograms 
revealed the apical third heart sound, which occasionally gave summation gallop, 
aortic ejection sound, accentuation of both components of the second heart sound 
and the marked reversed splitting (Fig. 1, top). The split interval between IIP and 
IIA (pulmonic and aortic components) was 0.04 sec. during expiration and 0.02 sec. 
during inspiration, though the auscultation revealed the split second sound only 
during expiratory phase. This patient had moderate cardiomegaly (cardiothoracic 
ratio=55%), and the electrocardiogram showed marked left ventricular hypertrophy 
with ischemic change and prolongation of Q-T interval (OTc=0.508). 

Case 2, M.N., 21-year-old female with extensive form of aortitis syndrome. 
Aortogram showed several stenoses in thoracic and abdominal aorta and the wall 
was irregular. Between the stenoses slight dilatation of the aorta was present. 
Ascending aorta was also slightly dilated and the wall had irregular configuration. 
There was regurgitation of the contrast media into the left ventricle (aortic insuffi- 
ciency). The origin of left subclavian artery was moderately stenosed, giving a 
loud stenotic murmur with thrill (Fig. 2, top; L. Supraclav.). Innominate artery 
had irregular wall, initial portion of the right carotid artery had kinking, and both 
left common carotid and right vertebral arteries showed narrowing. Blood pres- 
sure was 176/20—0 in the right arm, 86/66 in the left and 154/34—0 in the lower ex- 
tremity. Phonoarteriograms confirmed the stenotic murmurs corresponding to the 
degree of stenosis of each artery. The murmur of aortic insufficiency was of grade 
II/VI, best recorded in the 3rd interspace over the sternum (Fig. 2, top). There 
were atrial and third heart sounds in the apical low frequency phonocardiogram 
(not shown in this figure). Aortic ejection sound was recorded from base to apex. 
The reversed splitting of the second heart sound was conspicuous and the IIP-IIA 
interval was 0.03 sec. in expiration. Simultaneous tracing from apex (where the 
sole IIA is recorded) and 3L (3rd left interspace, where the IIP is best recorded) 
readily indicates the paradoxically situated both components (Fig. 2, below right). 
The cardiac size of this case was within normal limit (cardiothoracic ratio=48%), 
but the electrocardiogram showed marked left ventricular hypertrophy. The QTc 
was 0.450. 

Case 3, Y. S., 24-year-old female with extensive form of aortitis syndrome (aortic 
arch form with renal artery stenosis) and transient cerebral blindness. ‘Though 
aortogram demonstrated minimal change in the thoracic aorta, the branches had 
irregular wall, the carotid arteries were slightly stenosed, and the left subclavian 
artery was completely occluded. Moreover, left renal artery had localized nar- 
rowing in its origin and had poststenotic dilatation. Blood pressure was 170/100 
in the right arm, 174/110 in the lower extremities, whereas it could not be obtained 
in the left arm. The stenotic carotid murmur was observed with thrill as indicated 
by fine vibrations on the right carotid pulse tracing (Fig. 3, top; R.Car.). There 
was grade I/VI continuous high-pitched murmur in the left upper quadrant of 
abdomen, indicating the stenosis of the left renal artery. Precordial auscultation 
and phonocardiogram revealed a marked quadruple rhythm (Fig. 3, below), dis- 
tinct apical thrust with prominent “ a’ wave (ACG), aortic ejection sound and 
metallic second heart sound with the reversal of the 2 components. Comparison 
of the tracings from 2R (2nd right interspace, where the IIA is mainly inscribed) 
and 3L (3rd left interspace, where both components are inscribed) indicated the pre- 
sence of the reversed splitting, and both components were inscribed well before the 
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Fig. 3. Phonocardiogram, carotid pulse tracing and apex cardiogram of 


case 3. Details: see text. 


incisura of the carotid pulse tracing. This case had cardiomegaly (cardiothoracic 
ratio=53.6%), and the electrocardiogram showed the left ventricular hypertrophy 
and ischemic change in the left precordial leads and the marked prolongation of QT 


interval (QTc=0.535). 
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DIscussION 


As shown in the elaborated study of Gray,” reversed splitting of the second 
heart sound is most frequently observed in complete left bundle branch block, 
aortic stenosis and patent ductus arteriosus. Occasional incidence was also 
documented in each case of systemic hypertension as well as mitral stenosis. 
Later on, many conditions responsible for the genesis of reversed splitting have 
been proposed (Table III). It is obvious that some of the causes listed (e.g. I 


Table III. Genesis of Reversed Splitting of the Second Heart Sound 





I. Electrical 

Left bundle branch block” 

Right ventricular premature beat®>*)»!2,18) 
WPW syndrome (B type)*»*>!# 15) 


Pacing from right ventricle!® 


ef SP > 


5. Complete right bundle branch block in the presence of transpostion of great vessels!® 
II. Hemodynamic 

A. Left ventricular pressure loads 
1. Outflow obstruction 

a. valvular 

b. subvalvular aortic stenosis®»!” -20 


c. supravalvular 


ad 


Idiopathic hypertrophic subaortic stenosis? »??) 


ad 


Coarctation*®»*#) 
4. Systemic hypertension? >* >? -2? 
5. Acutely induced increase in systemic resistance*® 
B. Left ventricular volume loads 
1. Left-to-right shunt 
a. Patent ductus arteriosus? 
b. Aorto-pulmonary window” 
c. Anomalous systemic venous return® 
2. Aortic insufficiency”®»*® 


C. Left ventricular dysfunction 


1. Myocardial infarction®® 
2. Coronary insufficiency*” > 
3. Left ventricular failure® >?” 
4. Primary myocardial disease (amyl nitrite inhalation)*” 


5. Anesthesia (sodium pentobarbital)...dog*® 
D. Diminished or increased resistance to right ventricular ejection 
Tricuspid insufficiency® >» 
Tetralogy of Fallot®® 
Congenital tricuspid stenosis*” 


Eisenmenger syndrome*® 


ve? FPP 


Mitral stenosis” 
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and IID) do not need to be taken into account to discuss the most probable mech- 
anism of the mode of production of the reversed splitting under discussion. 

All 11 cases reported in the present study have one or more conditions 
listed in Table III. Of these, systemic hypertension, aortic insufficiency and 
probable myocardial incompetence are thought to be important contributing 
factor and deserves to be discussed in some detail. 

Gray”) has already pointed out that hypertensive heart disease may have 
reversed splitting but this is exceptional in this condition. Though Leatham* 
stated that this physical sign is quite common in systemic hypertension, parti- 
cularly in the systolic variety, our experience*®! did not coincide with his obser- 
vation. Barlow and Kincaid-Smith* gave no statement about the splitting of 
the second heart sound in their extensive auscultatory and phonocardiographic 
study of hypertension. Systemic hypertension per se, as stated by some au- 
thors,””’-*”) gives either single second sound or narrowly split sound with usual 
sequence of the 2 components. In the elderly or the aged single second sound 
is common, and the younger cases usually have the pulmonic component just 
behind the aortic component. In fact, reversed splitting in systemic hyper- 
tension is rare unless there is an associated left ventricular failure.*.*®.?” In 
aortitis syndrome presented in this study, hypertension of moderate degree was 
observed in many cases. However, the incidence of reversed splitting had no 
definite correlation to the height of the blood pressure. Certainly, the indirect 
measurement of the blood pressure may not have a significance to estimate the 
height of central aortic pressure, but the high incidence of abnormal reversed 
splitting in aortitis syndrome can not be explained solely by the hypertension 
cO-exists. 

Hemodynamically, peripheral arterial stenotic lesion may have a net effect 
to the left ventricle similar to coarctation of the aorta, particularly when the 
stenosis is multiple and the degree is grave. Aortitis syndrome often has the 
stenotic lesion in the descending aorta and it is sometimes a sole pathology 
(atypical coarctation*”*)), However, reversed splitting in coarctation of the 
aorta is also rare phenomenon, unless the hypertension is marked or severe degree 
of aortic stenosis is associated. In the present study, none of the 8 cases of 
either congenital or atypical coarctation had reversed splitting. The reported 
2 cases from our country, in which reversed splitting was observed,”*) therefore, 
remain a possibility of aortitis syndrome rather than the isolated atypical coarc- 
tation. 

Severe aortic insufficiency is said to be the one of the important etiology of 
the reversed splitting.*® Dickerson and Nelson® also listed this entity as one 
cause of the reversed splitting due to left ventricular volume load, but their illus- 


tration remained some equivocal points, because 1) some beats during expiratory 
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and inspiratory phases had the second heart sound of the same duration without 
appreciable splitting (Fig. 3,°) the 2nd and 4th second heart sounds), 2) the 
murmur of aortic insufficiency is so faint (or not well inscribed) that the possibility 
of severe insufficiency is not likely, and 3) the electrocardiogram shown in their 
figure seems to have a pattern of myocardial infarction. On the other hand, 
aortic insufficiency usually seen in the aortitis syndrome is of mild degree, so that 
it can not be regarded as a main cause of reversed splitting. Without aortic 
insufficiency, reversed splitting was observed in 3 cases, which otherwise have 
similar clinical situation to the other cases with reversed splitting. By these 
reasons, it was not concluded that aortic insufficiency co-existed had the primary 
importance to the reversed splitting. 

Recently, the role of myocardial competence on the behavior of the splitting 
of the second heart sound has been postulated by several authors. Wood**? 
suggested that transient reversed splitting during the attack of angina pectoris 
would be due to the transient elevation of blood pressure. Describing 7 coro- 
nary patients with reversed splitting by auscultation, Yurchak and Gorlin®®” 
postulated that the ballooning of ischemic area, possible but undetected transient 
(left bunble branch) block, impaired ventricular relaxation and aortic valve 
closure, and early closure of the pulmonic valve due to elevated pulmonary 
artery pressure secondary to the left ventricular failure could be the contributing 
factors. Subsequent report**) emphasized the role of shortened right ventricular 
ejection period, though it was not measured in their study. Dickerson and 
Nelson®) emphasized that “ unexplained ”’ reversed splitting may be a valuable 
“* bedside indicator ” of left ventricular dysfunction. Similar opinion was pro- 
posed by some authors using phonocardiographic confirmation. Abbott and 
Whipple*® are of the opinion that reversed splitting seen in the occasional cases of 
hypertension may be the reflection of compromised myocardium rather tnan the 
elevated aortic pressure fer se. Using both phonocardiogram and mechano- 
cardiogram, Holldack and his associates*” made the daily follow-up study in 
80 cases of acute myocardial infarction and found 9 cases with reversed splitting 
(2 cases showed complete left bundle branch block). They postulated that the 
common denominator of the hemodynamically induced reversed splitting could 
be the moderate insufficiency of left ventricular contraction with prolonged 
Q-IIA interval. At the same time, the shortening of Q-IIP, or at least con- 
stant Q-IIP, may also be contributing. Agnew et al.*?) recorded reversed 
splitting in 12 cases of ischemic heart disease, including one of “right” bundle 
branch block. They noted that frequent association of ventricular gallop and 
reversed splitting and suggested that reversed splitting is an indication of left 
ventricular dysfunction. 


Though the present study did not reveal the direct evidence, several points, 
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which are in favor of myocardial incompetence in cases with reversed splitting, 
deserve emphasis. Firstly, as Agnew et al.**) pointed out, the cases with reversed 
splitting frequently had gallop rhythm, particularly the ventricular gallop, which 
indicates the diastolic overloading of the left ventricle. In the absence of severe 
regurgitation of either aortic or mitral valve, this indicates the myocardial 
incompetence in most cases.“) Secondly, abnormal QT prolongation was 
frequently observed in cases with reversed splitting. OT prolongation in the 
group without reversed splitting was not marked and did not accompany with the 
split second sound, whereas the splitting of usual sequence of the 2 components 
(IIA-IIP) was exclusively observed in cases with normal QT interval. This 
indicates that QT interval is the one of the important factor to stabilize the 
position of IIA in the cardiac cycle. QT prolongation in myocardial disease is 
a well-known fact,* and it is worthwhile to observe this phenomenon in aortitis 
syndrome (Takayasu’s arteritis) without ORS widening, hypocalcemia, and other 
factors which contribute to the QT prolongation. Thirdly, the patho-anatomy 
of the heart in aortitis syndrome may be responsible for the myocardial incom- 
petence. Previous report from our Department confirmed the presence of 
diffuse and marked myocardial fibrosis, which was particularly marked in the 
perivascular region.”) Data of 72 autopsy cases reviewed*®” also showed the 
occasional presence of thickening of wall, narrowing or obstruction of the lumen, 
edematous thrombus of intima, and atheroma or thrombus formation in the 
coronary artery. Thus, all of the phonocardiographic, electrocardiographic, 
and possible patho-anatomic studies suggest that myocardial incompetence 
influences the occurrence of reversed splitting. Indeed, this postulate may be 
worth further study as a mechanism for the changes of the second heart sound 
observed in the present study. 
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Pulmonary Regional Ventilation-Perfusion Relationships 
in Chronic Cardiopulmonary Disorders 


II. Scintiscanning Method 


Hideo Uepa, M.D., Hajime Morinari, M.D., Shuichi Hatano, M.D., 
Masahiro I10, M.D., Masashi Mort, M.D., Shigeo Korxe, M.D., 
and Makoto Murao*, M.D. 


SUMMARY 

This is the study attempting to clarify quantitatively the regional dis- 
turbance of ventilation-perfusion relationships in pulmonary diseases. 
Measurements were made on 7 normal subjects, 16 cases with pulmonary 
parenchymal diseases and 4 cases with pulmonary vascular diseases. Per- 
fusion and inhalation scintigrams were taken in sitting position and were 
divided into 9 horizontal zones in order to know relative values of regional 
pulmonary blood flow (Q ) and alveolar ventilation (V,). Cardiac output 
and minute alveolar ventilation were also obtained at the same time. 
Using these data, absolute values of regional Vv, Q and Va QO of 9 zones 
were analyzed from the base to the apex of both lungs. 

In 7 normal subjects the average regional V,/Q ratio was 0.64 at the 
base and increasing 1.35 at the apex. In 20 patients the ratio ranged 
between 0 and 11.2, and even in the parts of parenchymal disorders the 
ratio was generally higher than normal since the decrease of regional 
perfusion was more remarkable than that of regional ventilation. 

Discussions were made on the usefulness as well as limitations of this 
scintiscanning method in approaching ventilation-perfusion unevenness 
topographically and quantitatively. 


Additional Indexing Words : 


Pulmonary perfusion scintiscanning Inhalation §scintiscanning 
Influence of body position Hypoxia Gas exchange Ultrasonic 
nebulizer 


Vv 


ways, but the topographical analysis of the unevenness has been difficult to study 
until the recent advances of radioisotope techniques. 





ENTILATION-PERFUSION unevenness is one of the causes of hypoxemia 


and the abnormality of which has been studied as a whole lung in various 


In the previous paper! 
we reported a study of regional ventilation-perfusion relationship using radioac- 
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tive rare gases. In this paper we will report the analysis of regional ventila- 
tion and perfusion using inhalation and perfusion scintiscanning method. The 
method, the results and the limitations of our study are presented. 


METHODS AND MATERIALS 


Twenty-seven patients were studied. Seven of them were normal control 
having no evidence of cardiopulmonary diseases confirmed both by clinical and 
laboratory examinations including chest X-ray films. The other 20 cases had 
various pulmonary diseases, 16 with parenchymal diseases and 4 with pulmonary 
vascular diseases. All the 20 cases studied were listed in Table I with the diagnosis 
and the results of arterial blood gas analysis. 

For the study of the regional ventilation, inhalation scintiscanning, which is 
similar to Alterbrunn’s®) and Taplin’s®) method, was tried using |.5—2.0 mCi of Au’* 
colloid aerosol. Inhalation of the aerosol was assisted by the use of respirator which 
was set at the positive pressure of 8cm.H,O. The expired gas was collected in the 
bag and was released into the atmosphere after the decline of the radioactivity to 
avoid the contamination of the room. Regional perfusion study was done according 
to the reported methods**) with I'!-macroaggregated albumin (I'!-MAA) 


Table I. Cases with Chronic Cardiopulmonary Disorders 





No. Name Age _ Sex Diagnosis cai 
| | Be 78 M Pulmonary cancer of the left lung 2 
Pe & 65 M Pulmonary cancer of the left lung 62.6 
3 E.S 40 M Multiple bronchogenic cysts of the left lung 61.9 
4 K. A, 34 M Multiple bronchogenic cysts of the left lung 
5 H.K. 51 F Pulmonary cysts of the right lung 96.8 
6 H.H. 57 M Pulmonary cysts of the right lung 85.0 
7 Y. M. 52 M Vanishing lung 80.0 
8 Y.S. 58 M Chronic pulmonary emphysema 
9 & B 66 M Chronic pulmonary emphysema 83.5 
10 | AN. 70 F Chronic pulmonary emphysema 55.3 
1] S. Y. 67 M Chronic pulmonary emphysema 82.7 
12 | F.A., 68 F Chronic pulmonary emphysema 36.0 
Ss | &.%. 69 M Chronic pulmonary emphysema and pleuritis of the 69.0 

left side 

14 S. M. 19 M Kartagener’s syndrome 76.9 
> | 3.8. 56 M Postinfectious pulmonary atelectasis of the right lower 86.3 

lobe 

16 M.A. 52 F Pulmonic regurgitation with dilated pulmonary artery 69.2 
17 |N.U. 35 F Pulmonary hypertension with tricuspid insufficiency 93.5 
18 M.K. 36 M Fibroplastic sarcoma of pulmonary artery 75.0 
19 K. H. 28 F Attenuated pulmonary artery of the right lung 


20 M. S. 16 F Pseudotruncus arteriosus communis 
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Table II. V4, Q, V,/Q Ratio Abnormalities Seen in 
Parenchymal and Pulmonary Vascular Diseases 





: : . . Pulmonary Pulmonary 
V ,i/Qi Vi Qi parenchymal vascular 
disorders disorders 
Tt l b! 9 3 
- \ | 1 
{ 41 | 4 0 





Fig. 1. Pulmonary scintigrams of a normal subject sitting upright, (a) 


perfusion scintigram, (b) inhalation scintigram. 


which was injected 100-200 Ci intravenously. The studies were done in the sitting 
position in all cases. Inhalation and perfusion scintiscannings were done with several 
days interval considering the effect of residual background. Shimazu SCC-30 scinti- 
scanner (3”¢ x2” crystal) was used, which has multichannel 37 holes focusing colli- 
mator with the focusing distance of 10cm. The collimator was set anterior to the 
chest wall 10 cm. from the plane of the anterior axillary line and regional dot count- 
ings were recorded. The lower edge of the clavicle and the fifth intercostal space 
were chosen as the upper and lower border of the lung field and recorded on the 
scintigram. Later chest X-ray film was superimposed on the scintigram to divide 
the lung field into 9 equal zones from the apex to the base (Fig. 1). The dots 
were counted in the each zone and the background counts were substracted. The 
values were further corrected according to the thickness of the lung and the response 
curve of the collimator. Thus the relative regional ventilation and perfusion were 
obtained. In the normal subjects regional alveolar Po,, Pco, and R.Q. were cal- 
culated using the O,-CO, diagram of Rahn and Fenn. Here total alveolar ven- 
tilation and ventilation-perfusion ratio were assumed 5 L./min. and 0.85 respectively. 
For the calculation, Po, and Pco, of the mixed venous blood were assumed 40 and 
46 mm. Hg respectively. Diffusion gradient was not taken into consideration. In 
some of the patients with pulmonary diseases, cardiac output was measured by Fick’s 
method during cardiac catheterization. To obtain the total alveolar ventilation, 
the calculation was done from the equation V,—Vco,/F,co, for the cases who had 
the expired gas analysis, and for the rest the calculation was done from the values of 
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the tidal volume assuming anatomical dead space equal to the weight in pounds.” 


Thus the absolute values of zonal Vi Q and V,/Q ratio were calculated and the 
values were tabulated. The mathematical equations used for the calculations are 
as follows. 


Vai _ a av. 
QO; bh co. 
(dri—c) x f; 
a=>-B 
Zl(dai—e) xf} 
(d,i—c’) xf’; 
bi = 48 


>» {(dyi —c’) Xx f’;} 
i=1 
d,: counts of inhalation scintigram 
d,: counts of perfusion scintigram 
c,c’: counts of background 


f,f’: correction factor for the thickness of pulmonary tissue 
a.v.: alveolar ventilation of total lung 
c.o.: cardiac output 

RESULTS 


1. Regional ventilation and perfusion in normal subjects sitting upright 
Seven normal subjects were studied. v.. Q and V,/Q values were tabu- 
lated in Fig. 2 and were mapped in Fig. 3. The amount of both ventilation 


Right Lung Left Lung 








Vai Po Pcoz2| R 
—@; | mm. Hg. 


Vai Q; 
L./min. 


R |Poo.| Pos |\Vai| Qi | Vai 
mm.Hg |~ 4; | L. /min. 






















1.101371114]1.4 0. 12[0.17| 
0.95| 39 |108| 1.0 |o.22\0.23 
0.84| 40|102/ 0.9 [0.33/0.31 
0.78] 41| 98] 0.8 |0.45|0.35 
0.70] 42| 93] 0.7]0.51/0.38 
0.70] 42| 93] 0.7]0.58]0. 39) 
0.65| 42| 88|0.6|0.58/0.37 
0.70] 42] 931 0.7/0.51/0.33 
0.78] 41| 98] 0.8|0.36]0.29) 


3.66 2.81 


0.17 0.12] 1.4 | 114] 37 /1.10 
0.22 [0.20] 1.0} 108] 39 |o. 95 
0.27 |0.26| 1.0 | 108] 39 |0.95 
0.30|0.33]0.9| 102] 40 |o.84 
0.31 |0.35|0.9| 102| 40 |o.84 
0.2910.33|0.9|102| 40 |o.84 
0.26 |0.27| 1.0] 108] 39 |0. 95 
0.22|0.22| 1.0 | 108] 39 |o. 95 
0.16|0.13] 1.2] 111] 38 |1.00 


total 2.19 2.20] 


Fig. 2. Topographical values of v. Q, Va iQ ratio, alveolar Po,, Pco, 
and R. Q. in the normal sitting upright. 
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Fig. 3. Regional ventilation and perfusion in normal subjects. 


and perfusion were smaller in the upper zone compared to those in the lower 
zone, while the values of V,/Q ratio ranged from 1.35 in the upper zone to 
0.64 in the lower zone since the rate of decrease from the apex to the base was 
more prominent for perfusion than for ventilation. Using these values, alveolar- 
arterial gradient of Po, and Pco, were calculated and the results were 5 mm.Hg 
for oxygen and —0.3 mm.Hg for carbon dioxide which are within reasonable 
ranges compared to the values obtained by others. 


2. Regional ventilation and perfusion in various pulmonary diseases 


The values of regional Va, Q and V, O ratios were mapped in various 
lung diseases and are seen in Fig. 4. 

Case 1 and case 2: bronchogenic carcinoma. In both cases bronchogram 
revealed compression of the left main stem bronchus and sign of local infiltra- 
tions. Both ventilation and perfusion were reduced in the involved side. Since 
the depression of perfusion was more marked, the calculated Va Q ratio became 
high. 

Case 3-7: cystic diseases of the lung. The relationship between ventila- 
tion and perfusion in this disorder was found to be various. In case 3, where 
the left lung was mainly involved, the decrease of both ventilation and perfusion 
was quite impressive with the predominant disturbance of the latter. Similar 
results were observed in other cases (case 4 and case 6) though the areas involved 
were different in each case. In case 5, where right middle and lower lobes were 
the site of major involvement, the decrease of ventilation and perfusion was 
found almost the same degree, thus maintaining normal V,/Q ratio. In case 
7, there was a formation of an abscess in the cyst which was located in the left 
lung. The impairment of perfusion was found more predominant over the in- 
volved area, while in the right upper zone, where cystic lesions were also present, 
the impairment of ventilation was more predominant. 

Case 8-13: chronic pulmonary emphysema. In some cases (case 8 and 
case 9) there was a marked regional decrease of ventilation, while in others 
(case 10-13) the changes were more or less diffuse without regional differences. 
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In the former group, there were formation of giant bullae in the right upper lobe 
which prevented the normal ventilation resulting in low V,/Q values. A com- 
pensatory increase of ventilation was also seen in the left lung of case 9. 

Case 14: Kartagener’s syndrome. In this case bronchiectatic changes 
were seen in both lower lobes, especially predominantly in the right side, and 
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Fig. 4. Regional ventilation and perfusion in various pulmonary diseases. 
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there was a poor developement of the left upper lobe, producing an expansion 
and elevation of the left lower lobe. The study showed a decrease of ventilation 
and perfusion in the left upper zone (Fig. 4). The pattern was similar in the 
right lower zone but the decrease of perfusion was found to be more predominant. 

Case 15. In this case the scintigram did not reveal any significant abnor- 
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malities, though the patient had an atelectasis of right lower lobe after bron- 
chopneumonia. Probably the abnormality was masked by the expanded right 
middle and upper lobe over the atelectatic area. 

Case 16. In this case the scintigrams showed almost no ventilation and 
perfusion to the left lower zone which was thought to be due to the shift of the 
heart to the left. The patient had pulmonic regurgitation with the ectasia of 
pulmonary artery compressing left main stem of bronchus. There was also a 
pleural adhesion due to old pleuritic changes. Calculated V,/Q over the left 
zone was 0.69, indicating the more predominant ventilatory impairment. In 
the next 4 cases, pulmonary vessels are the sites of major involvement. 

Case 17. This is the case of pulmonary hypertension probably caused by 
multiple pulmonary emboli. Both ventilation and perfusion were reduced 
almost the same degree. 

Case 18. Pulmonary embolism was suspected clinically, but postmortem 
examination revealed fibroblastic sarcoma involving pulmonary artery. Prom- 
inent decrease of perfusion to the right lower zone was seen in the scintigram. 
Since there was no parallel decrease of ventilation V,/Q ratio became as high 
as 5.7. 

Case 19. Poor development of right pulmonary artery was demonstrated 
by pulmonary arteriogram. Ventilation of the right lung was relatively normal 
but perfusion to the apex, middle and lower lobes were poor resulting in an 
unusual configuration in the figure of regional mapping of V,/Q ratios. Drop 
of V,/Q ratio in the left middle zone is probably explained by the compensatory 
shift of blood flow from the right lung to the left lung. 

Case 20. Pseudotruncus arteriosus communis and hypoplasia of the left 
lung. Prominent decrease of perfusion to the hypoplastic lung was seen. Ven- 
tilation was also decreased but is a lesser degree. 


We have divided the abnormal zones into 3 groups depending on the 
values of regional ventilation-perfusion ratio, that is high, normal, or low. 
When Vi/Q. ratio of a certain zone is within one standard deviation from the 
mean of the V,/Q ratios of this zone in the normal control, we have accepted the 
V/Q ratio of this zone as normal. Out of 19 abnormal zones in the 16 cases of 
parenchymal lung diseases, V,/Q was higher than normal in 9, normal in 6 and 
lower in4. In 4 cases of pulmonary vascular diseases high V/Q ratio was found 
in 3 cases and normal in1. None had the values lower than normal (Table II). 

Next we have tried to see the relationship between the arterial Po, and 
the variance of V,/Q ratio. The variance was calculated as the deviation of 
the V,/Q ratios of the each zone from the mean of the corresponding zones 
in the normal expressed in logarithmic scale. The formula used for the cal- 
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culation is as follows. 


° ° 18 > \ Ai V Ai : 
The variance of V,/Q ratio = J | los( SQ, )log( Q; )| 
18 


In Fig. 5 indices of Va Q variance were plotted in the abscissa and the values 
of arterial Po, in the ordinate to see the correlation between the two. The 
plottings show the presence of a negative correlation; in other words, the higher 
the variance, the lower the arterial Pos. 
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Fig. 5. Relationship between the Pao, and the variance of V,/Q ratio. 








DiscussicN 














Since the report of the Bjérkman in 1934*) there have been many studies 


which states the decrease of both ventilation and perfusion in the upper part 





compared to the lower part of the lung and inequal ventilation-perfusion ratios 





between the upper and lower segments.*) Various methods have been used for 





the study. In our study both inhalation scintiscanning and perfusion scintiscan- 





ning were applied using Au’ colloid aerosol in the former and I**~MAA in the 





latter. The entire lung fields were divided into 9 horizontal belts. The Va Q 





ratio ranged between 1.35 and 0.64, the values being higher in the upper zone. 
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The differences of V,/Q ratio between the upper and lower zones are smaller 
here compared to those reported by the others.’ This difference can be 
related to the methodological differences. In our method, P?*7-MAA or Au? 
colloid aerosol was given in the sitting position, while the counting was done 
in the supine position. It is quite possible that the zone of our scintigram does 
not necessarily corresponds to the same zone in the chest film taken upright. 
For instance the area under clavicle in the scintigram may correspond actually 
to the zone below the clavicle in the chest film. Also in the supine position 
the amount of pulmonary tissue which lies under the zone of the fifth intercostal 
space will become decreased due to the elevation of the diaphragm. All these 
geometrical relationships may influence the values of V,/Q ratios in our cal- 
culation. 

In our method, the difference in regional ventilation or perfusion can be 
picked up more precisely compared to the method which uses CO," or radioac- 


K. A. 34 yrs. ¢ 
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with pressure-cycled respirator with ultrasonic nebulizer 


Fig. 6. Comparison of the 2 inhalation scintiscanning methods. 
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tive rare gases. But there is a methodological weakness in that the measure- 
ments of ventilation and perfusion should be done separately; in other words, 
there was a time lag between the 2 measurements. The next argument is the 
validity of our measurement of regional ventilation. For the measurement of 
regional ventilation, Au’ colloid aerosol was inhaled under low positive pressure 
breathing which may disturb the pattern of spontaneous breathing. Later, we 
have tried the use of ultrasonic nebulizer for inhalation scintiscanning, since we 
can eliminate the influence of positive pressure breathing in this method. Fig. 6 
illustrates the difference in the inhalation scintiscanning in both methods done 
in a patient with multiple pulmonary cysts. After several more studies, it was 
found that there is not a significant difference in the inhalation scintigram ob- 
tained in both methods. 

There have been few studies done on the actual distribution of V4) Q ratios 
in the patients of pulmonary diseases using such a method. It has been said 
that in cystic lung disease ventilation and perfusion decrease in parallel,’ while 
in chronic bronchitis or emphysema the change in V,/Q ratio is variable 
but generally tends to decrease more or less.’®-!7) In our study there were 
many cases where the V,/Q ratios were normal or even higher than normal over 
the diseased area, though the basic diseases in our study were not the same as 
those reported by others. Our results are in agreement with our previous 
study using radioactive rare gases." 

Since the unevenness of ventilation-perfusion ratio is one of the cause of 
hypoxemia, we have calculated the variance of V,/Q ratios in each case and 
plotted against the values of arterial oxygen tension to see the correlation 
between the two. There was a negative correlation though the correlation was 
rather poor, which is rather expected since the variance of ViA/Q. ratios is not 
the only cause of hypoxemia and our method does not necessarily reflect the 
Va Q abnormality at the alveolar level. 

For the actual performance of the measurement, it was hard to correct the 
counting according to the thickness of the lung and locate the exact position in 
the apex. Also at the base the respiratory motion of the diaphragm interferes 
with the regional geometry. For these reasons, we have discarded the measure- 
ment of the zones above clavicle and below sixth rib. It is possible that the 
difference in V,/Q ratios becomes higher between the apex and the base if we 
included these two zones for the study. The lesion located just below the chest 
wall and the one located posteriorly close to the back were not treated equally 
in our study due to the response of the collimator used, and the regional dif- 
ferences in relation to the anteroposterior axis cannot be measured in our study, 
though these two drawbacks are inevitable in the other studies using CO," or 
radioactive rare gases at present. 
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The measurements of cardiac output and alveolar ventilation were done 
separately and the difference of cardiac output in relation to the change in posi- 
tion was not taken into consideration in our study. The overcoming of these 
methodological limitations and the correction of the possible errors remain for 


our future effort. 
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Nervous Control of the Renal Tubular Function 


Jugoro Takeucut, M.D., Nobuo Ouya, M.D., Shuichiro Saka1, M.D., 
Haruo Nakamura, M.D., Tetsuo Nonara, M.D., 
Kunihiko Hrrasawa, M.D., and Akira Surnopa, M.D. 


SUMMARY 

The role of the renal nerves in renal tubular function—which is still 
a controversial subject—was studied by observing the changes in renal 
nerve activity and urine formation before, during and after the left stellate 
ganglion stimulation. The experiments were performed on 7 dogs an- 
esthetized with a combination of morphine and «-chloralose. The activity 
of one of the renal nerves was picked up by a platinum bipolar electrode 
and recorded. During the left stellate ganglion stimulation, the rate of 
discharge of renal nerve activity decreased in the number of bursts and, 
at the same time, increases in urine volume and excretion of sodium, potas- 
sium and solutes were observed, while the urinary concentrations of sodium, 
potassium and osmolality decreased. These alterations produced by stel- 
late ganglion stimulation were characterized by a rapid onset and, with 
cessation of stimulation, a rapid disappearance. There was observed com- 
plete recovery after the stimulation. On the other hand, the estimation 
of glomerular filtration rate revealed no significant changes through each 
experimental period. 

The mechanisms of stellate ganglion stimulation diuresis were dis- 
cussed and it was assumed that there was nervous control operating on 
renal tubular function, especially in the proximal tubules. 


Additional Indexing Words : 


Renal nerve activity Stellate ganglion stimulation diuresis _ Bipolar 
electrode Sodium transport Sodium reabsorption 


T has been a well known fact that the activation of renal efferent nerves 
| exerts a vasoconstrictive effect on renal vessels, especially under stress. 
However, it remains to be explored whether renal tubular cells have nerve 
supply and how renal efferent nerves affect tubular function. Many studies 
on the role of renal nerves in renal function have been performed by means of 
sectioning or electrical stimulation of the renal or splanchnic nerves. Another 
method of this study is the recording of the action potential of the renal nerve, 


in which the renal innervation from brain stem is thought to remain in a more 
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physiological state than in the former methods. Several authors! have 
observed the renal nerve discharge under various conditions, mainly in order to 
study the relationship between renal nerve activity and renal circulation. 

In 1964, Gilmore® observed that the left stellate ganglion stimulation 
caused acute diuresis and postulated this phenomenon as an effect of withdrawal 
of renal sympathetic vasoconstrictive nerve discharge. But, one should con- 
sider the possibility that the renal sympathetic nerve may have a direct effect on 
renal tubular function. 

In the present study, experiments were carried out to investigate nervous 
control in the renal tubular function by observing the changes in renal nerve 
activity, urine volume and urinary constituents before, during and after acute 
hypertension produced by the electrical stimulation of the left stellate ganglion. 


MATERIALS AND METHODS 


Twenty-five experiments were performed in 7 mongrel dogs weighing 9 
to 13 Kg. They were anesthetized with a combination of morphine hydrochloride 
(6 mg./Kg., intramuscularly) and «-chloralose (100 mg./Kg., intravenously), with 
supplementation of «-chloralose as required. The trachea was intubated for posi- 
tive pressure breathing and the required vessels were exposed. Urine was collected 
by free drainage into graduate cylinders through a polyethylene catheter inserted 
into the ureter and the femoral arterial blood pressure was recorded with a strain 
gauge electric manometer (Nihon Kohden MP-4). 

Following the collection of preliminary samples of blood and urine, a priming 
injection of 660 mg. of thiosulfate was given intravenously and then sustaining in- 
fusion of 50 mg./ml. of thiosulfate in normal saline was started at a constant rate 
of 0.5 ml./min. 

Stimulation of the stellate ganglion: After opening the chest by cutting off the 
posterior angle of the left second rib, the left stellate ganglion was isolated and all 
rami except the cardiac sympathetic outflow were sectioned. The stellate ganglion 
was then placed on a shielded bipolar silver electrode connected to an electric stim- 
ulator (Nihon Kohden MSE-3). The stimulus was a series of repetitive pulses 
with a duration of 1 msec., a frequency of 10 cps. and an intensity varying 4 to 
10 volts. 

Recording renal nerve activity: The renal nerve employed was separated from 
the surrounding tissues in the left renal hilus and was not sectioned. The other 
nerves remained intact. The action potentials, picked up by a platinum bipolar 
electrode which was placed around the isolated nerve, were amplified, displayed 
on a cathode ray oscilloscope (Nihon Kohden VC-7), and also recorded on a 
multi-channel ink-writing recorder (Nihon Kohden RM-150). The arterial blood 
pressure was also recorded. In some experiments, an integrator was used for 
evaluating the changes in action potential. At the end of the experiments, it was 
ascertained that the employed nerve ran into the renal parenchym. 

Chemical procedures: After a 90 to 120 min. equilibrium period following all 
operative procedures, urine samples were collected every 10 min. and blood 
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samples were drawn at the midpoints of urine collection periods from the ante- 
cubital vein. When experimental intervention was carried out, the urine for the first 
5 min. or the first 2 to 3 ml. of urine collected were discarded. The renal clearance 
of thiosulfate was measured to evaluate glomerular filtration rate. Serum and 
urine thiosulfate were determined after the method of Brun.”) Serum and urine were 
analyzed for sodium and potassium concentration using a Coleman flame spectro- 
photometer, for osmolality by Fiske Model G-62. 


RESULTS 


Spontaneous discharges of the renal nerve activity were regularly recorded 
with the amplitude of 10 to 100 mV. They were considered efferent nerve 
activities since the form of discharge remained unchanged after cutting the 
nerve distal to the electrode (Fig. 1). The impulses occurred in bursts 
in synchronization with heart beat, as described in the previous reports on 
the renal nerve of dogs®) and cats." The impulses were not influenced by 
respiration in our experimental conditions. However, along with getting into 
terminal stage, the discharges became frequent to continuous (Fig. 1). The 
above mentioned recording was excluded from the results of the present study. 

The results of stellate ganglion stimulation were as follows: stellate 
ganglion stimulation resulted in an elevation of mean arterial pressure, a 
marked widening of pulse pressure and, in most experiments, a decrease in 
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Fig. 1. Renal nerve activity. 

(a) Spontaneous discharge. Note that impulses occur in bursts in 
synchronization with heart beats. 

(b) Cutting the nerve distal to the electrode (ff ). 

(c) Discharges become frequent to continuous, along with getting into 
terminal stage. 

BP: femoral arterial blood pressure. Imp.: impulse of the renal nerve. 

(Time: 1 division represents | sec.) 
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Fig. 2. The change in renal nerve activity following the left stellate 
ganglion stimulation. 
(a) Before stimulation. (7) Beginning of the stimulation 
(b)-(e) During stimulation: 3 min. (b), 5 min. (c), 7 min. (d), 
9 min. (e), after the beginning of stimulation 
(f) At end of stimulation 
Integ.: integration of the bursts 
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Fig. 3. Experiment illustrating the effect of stellate ganglion stimu- 
lation on hemodynamics, renal nerve activity, GFR and urinary constituents. 
MAP: mean arterial pressure, PP: pulse pressure, RNA: renal nerve 
activity, GFR: measured by thiosulfate clearance, Osmolality: total 
urinary solute concentration, Solutes: total urinary solute excretion. 
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heart rate. The effects of stellate ganglion stimulation on the discharging rate 
of the renal nerve were shown in Fig. 2._ The discharging rate was expressed 
in both of C/HR and C/min.; C/HR is the averaged counts of the bursts 
during 100 heart beats, C/min. is the averaged counts of the bursts in a min. 
in each 10 min. observing period. The C/HR and C/min. decreased signifi- 
cantly during stellate ganglion stimulation (p<0.01), as shown in Fig. 3. 
Although the bursts inclined to occur in synchronization with heart beat, the 
decrease of the C/HR proved that the discharge per se decreased during 
stimulation. 

The changes in urine formation in response to stimulation were shown 
in Fig. 3. During stimulation of the left stellate ganglion, the urine flow 
(0.64+0.08 ml./min.) increased in all experiments as compared to the flow 
before and after stimulation (0.47 +0.06 and 0.47+0.05 ml./min., respectively). 
Sodium and potassium concentration in the serum measured in 2 dogs re- 
mained constant in | experimental period for 40 min. In all experiments, 
except those in | dog in which urinary sodium concentration showed a slight 
increase, urinary concentrations of sodium and potassium declined during 
stimulation. The changes were statistically significant in 25 experiments 
(p<0.01). Urinary excretion of sodium and potassium increased significantly 
(p<0.01) with less change in potassium excretion. The urinary concentration 
of total solutes decreased (p<0.01) in 25 experiments. 


It was noted that the changes were characterized by a rapid onset starting 


Table I. Mean Values of Data Measured in This Study 








Control Stimulation Control 

Heart Rate (per min.) 100+ 12 90+10 105+15 
MAP (mm.Hg) 83+5 102+6 81+15 
Pulse Pressure (mm.Hg) 70+7 115+11 69+7 
Urine Volume (ml./min.) 0.47+0.06 0.64+0.08 0.46+0.05 
GFR (ml./min./Kg.) 3.36+0.29 3.33+0.25 3.30+0.25 

(C/HR) 92+5 70+11 91+6 
RNA (C/min.) 89+10 60+10 94+13 
Unyat (mEq./L.) 182+33 162+ 26 185+31 
Ux:+ (mEq./L.) 50+6 40+7 51+6 
Osmolality (mOsm./L.) 560 +63 480 +67 576+60 
Una? (“Eq./min.) 78+ 11 96+ 12 79+12 
Ux+ (#Eq./min.) 22+3 23+2 22+2 
Solutes (#Osm./min.) 255+ 39 285 + 36 260 + 39 
MAP: mean arterial blood pressure, GFR: thiosulfate clearance, 


RNA: renal nerve activity, 


C/HR and C/min. : 


Osmolality : total urinary solute concentration, 


see in the text, U: urine, 


Solutes: total urinary solute excretion. 
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in } to | min. from the beginning of stimulation and by a rapid disappearance 
within, at most, 5 min. from the cessation of stimulation. The values measured 
before and after stimulation were nearly equal. 

The estimation of glomerular filtration rate revealed no significant changes 
through each experimental procedure (0.2<p<0.5) as shown in Fig. 3. In 
the present study, the thiosulfate concentration in the serum ranged from 14.5 
to 61.9 mg./100 ml. 


The mean values of the above data are shown in Table I. 


DIscussION 


The results of the present experiments revealed increases in urine flow and 
in excretion of sodium, potassium and total solutes ; decreases in urinary con- 
centration of these solutes during stellate ganglion stimulation, without any 
significant change in glomerular filtration rate. These results are similar to 
that of Gilmore’s observation. Among humoral or neural factors as basic 
mechanisms of the diuresis, Gilmore* claimed the preponderance of neural 
reflex via baroreceptors to vasoconstrictive renal nerve. 

In this report, the discrepancy between the change in glomerular filtration 
rate and the change in the rate of urine formation could be analysed considering 
the effects on renal function of the changes in systemic hemodynamics, humoral 
factor and renal nerve activity produced by stellate ganglion stimulation. 

Changes in systemic hemodynamics: It has been generally accepted that the 
changes in renal arterial pressure and renal arterial pulse pressure within 
physiological range have little influence on renal blood flow and filtration 
rate.*)"© The question raised is whether systemic hemodynamic changes 
produced by stellate ganglion stimulation are enough to influence urinary ex- 
cretion directly. There have been many reports concerning the relationship 
between urinary excretion and renal hemodynamics. For example, Gesell!” 
believed, from his experiments on dogs, that the reduction in pulse pressure 
caused diminution in urine flow and chloride excretion. Selkurt’®) reported 
that the level of the mean arterial pressure had a dominant role in the electro- 
lytes and water handling ; that is, decreases and increases in the excretion of 
electrolytes and water were paralleled with the direction of change of the mean 
pressure. He concluded that renal interstitial pressure might influence renal 
tubular function. Thurau and Deetjen’ reported that an increase in urine 
flow and a decrease in urinary osmotic pressure followed an increase in the 
pressure at which the blood perfused the kidney (Druckdiurese), and attributed 
the cause of this phenomenon to an increase in medullary blood flow, while 
total renal blood flow and, presumably, cortical blood flow remained relatively 
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constant in this circumstance. 

In spite of these evidences, the hemodynamic changes as presented in our 
experiments do not appear to play a role on the diuresis in response to stellate 
ganglion stimulation according to the following facts: (a) in Gesell’s report,™ 
the time lapse between the change of pulse pressure and the onset of the change 
in urinary excretion was not constant and was longer than that observed in the 
present experiments ; in Selkurt’s experiment," the reduction of pulse pressure 
had no effect on renal function within a wide range of mean arterial pressure ; 
(b) according to Gottschalk’s report, the change in renal arterial mean 
pressure through 40 to 140 mm.Hg did not affect renal interstitial pressure ; 
(c) the experimental condition in the present report can not be compared with 
that of Druckdiurese which was observed in the denervated kidney and 10 min. 
after an elevation of perfusion pressure ; (d) diuresis induced by stellate ganglion 
stimulation was characterized by a rapid onset, at the least } min. and a rapid 
disappearance, within 5 min. after cessation of stimulation ; and (e) Gilmore 
reported that the diuresis induced by stellate ganglion stimulation decreased 
significantly subsequent to vagotomy, whereas changes in mean arterial pres- 
sure before and after vagotomy did not show a significant difference in response 
to stimulation. 

Humoral factors: The next question is whether the stellate ganglion stimu- 
lation may be accompanied by changes in the secretion of ADH and aldosterone 
which affect renal tubular function. Although the elevation of the left atri- 
al‘)! the right atrial and the caval venous pressure’) has been conceived 
to result in a decrease of ADH secretion and an increase of urinary excretion of 
aldosterone, respectively, it is known that the stellate ganglion stimulation lowers 
the atrial pressure.*'®) The changes in urine flow and urinary constituents 
during stellate ganglion stimulation cannot be explained by the alteration of 
aldosterone secretion. Moreover, these humoral factors do not appear to cause 
the stellate ganglion stimulation diuresis characterized by rapid respondence, 
because the changes in urinary excretion of electrolytes due to these two hor- 
mones showed a slow onset and a relatively gradual disappearance.’ !®) 

Renal nerve activity: From the previous discussion, it is strongly suggested 
that the stellate ganglion stimulation diuresis is associated with changes in 
renal nerve discharges. The acutely produced diuresis in the present experi- 
ments was characterized by its rapid respondence and each measurement shortly 
after stimulation was close to that before stimulation. In addition, renal nerve 
discharges decreased significantly during the stimulation. These facts are 
sufficient to support the hypothesis that a decrease in renal nerve discharge 
causes increases in urinary excretion of solutes and urine flow, decreases in 
concentration of urinary solutes which look like water diuresis except in rapid 
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respondence. An inference is drawn that an influence on change in renal nerve 
activity might be through renal tubular function, rather than glomerular fil- 
tration rates, since glomerular filtration rate before, during and after stimulation 
showed no significant changes in the present experiments. If so, how does the 
renal nerve act on the renal tubular function? Although the mechanism of 
dilution of the urine has been less adequately described, the following mech- 
anisms might operate in the present experimental procedures: 1) depression 
in reabsorption of sodium in the proximal tubule, 2) inadequacy of sodium trans- 
port in the ascending limb of Henle’s loop, 3) change in blood flow through the 
vasa recta, 4) depression in distal tubular reabsorption of sodium. 

We shall first assume that a decrease in renal nerve activity causes a 
decrease in sodium reabsorption in the proximal tubule. Under this condition, 
total water and sodium flowing through the tubule distal to Henle’s loop are 
supposed to increase and this results in an increase in sodium excretion and a 
decline in the sodium concentration in the urine. Since a major fraction of 
filtered potassium is reabsorbed in the proximal tubule and the most of potas- 
sium in the urine is presumably excreted by cation exchange of sodium for 
potassium in the distal tubule,*®*”) potassium excretion may increase under the 
above assumed condition. ‘The changes of urinary constituents in the present 
experiments are consistent with this assumption. It has been known that a 
depression in proximal tubular sodium reabsorption occurs in the natriuresis 
after a large dose of isotonic saline or a hypertonic saline load,*”’ but it remains 
to be resolved whether the identical mechanism operates in stellate ganglion 
stimulation diuresis. 

A similar urine may be excreted following either interference of sodium 
transport in the ascending limb of Henle’s loop or a change in blood flow in the 
vasa recta, through the depression of the medullary osmotic gradient. How- 
ever, both of these mechanisms could not be supposed to operate when such 
rapid changes in urinary constituents are observed as in the present experi- 
ments. 

Depression of the sodium reabsorption in the distal tubule may result in 
an increase in sodium excretion and a decrease in potassium excretion, if H* 
should not be exchanged for Na+ than K+ in the distal tubule. 

By electron-microscopy, Hiraba**’ examined renal tubular cells after 
cutting the renal nerves, and pointed out that the proximal tubular cells began 
to degenerate in 2 hours after denervation but that the other tubular portions 
distal to Henle’s loop revealed no changes in longer periods. These results are 
reasonably appreciated from the facts that microscopic observations**.*®) 
showed rich nerve supplies in the proximal tubular region and sparse supplies 
in the distal portions. 
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As discussed above, an assumption that the nervous control operates on 


renal tubular function especially in proximal tubules, is compatible with the 


morphological findings, although it is not denied that the changes in urine 


flow and urinary constituents during acute hypertension might be secondary to 


the minimal change in glomerular filtration rate undetectable by the present 


method. 
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Experimental Arteritis Produced Immunologically 
in Rabbits 


Hideo Urepa, M.D., Yoshimi Sarro, M.D., Shigenori Morooka, M.D., 
Iwao Ito, M.D., Hisomu Yamacucui, M.D., and 
Masaya Suciura, M.D. 


SUMMARY 

Pathological changes in the aorta and its major branches, which were 
similar, at least in part, to those seen in patients with aortitis syndrome, 
could be produced in rabbits by long-term administration of the isologous 
aortic extracts or the patients’ sera containing anti-aorta antibodies of a 
high titer. The occurrence of vascular changes was preceded by a rise 
in the titer of the circulating complement fixing antibodies against the 
isologous aorta, suggesting that the vascular lesions are the product of a 
specific antigen-antibody reaction. 

The results of the present study may support the authors’ opinion 
that a certain immune mechanism participates in the development of 
arterial lesions in patients with aortitis syndrome. 


Additional Indexing Words : 
Aortitis syndrome  Takayasu’s arteritis Anti-aorta antibody Com- 
plement fixation test Eosinophilic body Anitschkow myocyte 


HE etiology of aortitis syndrome (Takayasu’s arteritis) remains unknown 
TT at present. However, participation of a certain immune process in its 
origin has been suggested by several laboratory data such as an accelerated 
erythrocyte sedimentation rate, positive C-reactive protein and increased serum 
%,- and ;7-globulin concentrations, which are frequently found in patients with 
aortitis syndrome, as well as by therapeutic effects of steroid hormones. In 
the previous investigations,") the authors detected anti-aorta antibodies in the 
sera of patients with aortitis syndrome by means of the complement fixation 
test and the direct fluorescent antibody technique. 

The present study has been designed in an attempt to know whether 
experimental aortitis or arteritis might be produced in animals by immunologi- 
cal procedures. 
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MATERIALS AND METHODS 


Immunization of Rabbits 

Female rabbits of 2 to 3 months of age were used in the present experiments. 
Their body weight was between 1.0 and 1.5 Kg. 

For the active immunization of the animals, the antigens were prepared by the 
supernatant of the isologous aortic tissue homogenates diluted with saline solution 
to final concentration of | : 20 (w/v) of the original tissue weight (Ao-H). The 
passive immunization was performed by the injections of the sera obtained from 
patients with aortitis syndrome (S-Ao-S) with complement fixing anti-aorta anti- 
bodies of a high titer. 

The animals were divided into 6 groups; a, b, c, A, B and C (Table I). 

Group a: 5 animals receiving 0.2 ml. of S-Ao-S added with an equal volume 
of Freund’s complete adjuvant (F-c-a) into foot pads intracutaneously once weekly 
for 3 months. 

Group b: one animal receiving no immunological procedure for 3 months. 

Groupc: one animal receiving 0.2 ml. of S-Ao-S intravenously 3 times weekly 
for 3 months. 

Group A: 4 animals receiving the same procedures as those of group a for 
12 months. 

Group B: 5 animals receiving the same procedures as those of group c for 
3 months and receiving 0.2 ml. of the same human serum together with an equal 
volume of F-c-a once a week into foot pads intracutaneously for the subsequent 9 
months. 

Group C: 6 animals receiving F-c-a alone into foot pads intracutaneously 
once a week for 12 months. 


Table I. Materials and Methods 





N f D : Material Method 
Group No. 0 uration 
Rabbits (months) Ao-H S-Ao-S ne 1/C 1/V 
a 5 3 a e - 
b l 3 
c 1 3 - ie 
A 4 12 & - 
3 * * 
B 5 12 
9 s & s 
Cc 6 12 4 s 


Ao-H: Homogenate of rabbit aorta 
S-Ao-S: Serum of patient with aortitis syndrome 
F-c-a: Freund’s complete adjuvant 


1/C: Intracutaneous injection 


I/V: Intravenous injection 
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Histological Examination 

All animals were sacrificed at the end of experimental period of 3 or 12 months. 
The aorta, major arteries and several organs (heart, kidney and liver) were fixed 
in 10% neutral buffered formalin for routine histologic examination, and stained 
by hematoxylin-eosin, elastica van Gieson and/or Azan stains. 

Complement Fixation Test 

In groups A, B and C, monthly examination of the sera by complement fixation 
test was performed for the development of antibody against isologous aortic tissue. 
The method was based essentially on procedures reported by Ogata. 


RESULTS 


Histological Findings 

In groups a, b and c, histological examination disclosed almost normal 
findings. In groups A and B, however, there were pathological changes of 
varying degrees in the aorta and the major arteries. They consisted of frag- 
mentation or distortion of elastic fibers, atrophy or degeneration of muscle 
fibers, and cellular infiltration in the media. Cellular infiltration or prolifera- 
tion with or without hemorrhage was found in the adventitia. Distribution 
of these histological changes is illustrated in Tables II, III] and IV. The 
changes of elastic fibers had tendency to locate in the aortic arch and its 


Table II. Change of Elastic Fiber 





Rabbit . . . . . . 
aieaatons A, | A,| A,/| A,| B, | B, | B | B | B | Cc; | G.| C—.; Qg|; C5) G 
Aortic arch +i ti t+] + + | + + + 
Brachiocephalic tt 
R. common carotid + + ae ++ 
L. common carotid +i +t) + ++ 
R. subclavian + 
L. subclavian + Ht 
Pulmonary + 5 
Descending thoracic aorta - 
Abdominal aorta Ht tt 
Celiac t+ | + + | tH 
Superior mesenteric Ht =o ++ + | tt 


Inferior mesenteric - 


R. renal 

L. renal + 
R. iliac a 
L. iliac +t 


+: mild, ++: moderate, ++: severe 








- 
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Fig. 1. Fragmentation of elastic fibers and Fig. 2. Fragmentation of elastic fibers of 
aneurysm of the aortic arch in a case of group the brachiocephalic artery in a case of group B 
\ (elastica van Gieson’s stain, x 50). (elastica van Gieson’s stain, x 50). 


Table III. Cell Infiltration in the Media and Adventitia 





Rabbit ‘ : ; > d : 
Location Ay A; As Ay B, B, Bs B, B; C, C, C, Cc, C, C, 
Aortic arch 
Brachiocephalic ~ 


R. common carotid 


L. common carotid 


. ++ 
R. subclavian 4 
(++) Fa 
L. subclavian abi (4) 
Pulmonary atte 
Descending thoracic aorta 
Abdominal aorta + 
‘1 oe 
Celiac +4 
(+r) (++) 
Superior mesenteric 4. + 44 re eS 


Inferior mesenteric 

R. renal 44 
L. renal 

R. iliac 

L. iliac 

+: mild, ++: moderate, ++: severe 

in the adventitia (and media) 


main branches in group A (Table II.) In the aortic arch, these changes were 
detected in all 4 cases of group A, including 3 cases of moderate or severe 
changes. In group B, 2 of 5 cases had mild or moderate changes, and in group 
C, 2 of 6 cases had only mild changes. In both common carotid arteries and 
both subclavian arteries, these changes had the same tendency. In the main 
branches of abdominal aorta such as the celiac or superior mesenteric arteries, 
significant changes were found only in group B. Fig. 1 shows the fragmenta- 
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tion of elastic fibers and aneurysm of the aortic arch in a case of group A 
(A,), and Fig. 2 shows the fragmentation of elastic fibers of the brachiocephalic 
artery in a case of group B (B,). 

Table III demonstrates cell infiltration in the media and adventitia. It 
consisted mainly of round cell infiltration. It was not infrequently found in 
the celiac and superior mesenteric arteries in groups A and B. In group C, 





Fig. 3. Cellular infiltration in the media Fig. 4. Cellular infiltration in the adventitia 
and adventitia of the right subclavian artery in of the pulmonary artery in a case of group B 
a case of group A (hematoxylin-eosin stain, (hematoxylin-eosin stain, x 200). 
< 200). 


Table IV. Other Changes in the Arteries 





Atrophy or 


Changes J Edema Other 
degeneration of : ‘ : } 
ie in the media changes 
Group muscle fiber 
Location ai@ietial#\e!ais&ie 
Aortic arch 1 1 ] | 1*t 
Brachiocephalic 
R. common carotid 
L. common carotid 
R. subclavian ] ] l It 
L. subclavian It 
Pulmonary 2 
Descending thoracic aorta 
Abdominal aorta ] 1*f It 
Celiac ] 2 
Superior mesenteric | ] 


Inferior mesenteric 


R. renal l 
L. renal ] 
R. iliac ] 
L. iliac l 


*: Aneurysm, ft: Hemorrhage 
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however, it was found in none of 6 cases. Fig. 3 shows the cellular infiltra- 
tion in the media and adventitia of the right subclavian artery in a case of 
group A (A,), and Fig. 4 shows the same change in the adventitia of the 
pulmonary artery in a case of group B (B,). 

Table IV indicates the other changes in the arteries, including atrophy 
or degeneration of the muscle fiber, edema in the media, aneurysm and hemor- 
rhage. These changes were detected mainly in groups A and B, but were 
rarely recognized in group C. 

Spontaneous aortic lesions such as cartilaginous metaplasia and mesen- 
chymal intimal thickening were detected in some animals. 

As shown in Table V, several cases of groups A and B exhibited changes 
in myocardial tissue such as hyaline-like eosinophilic body, Anitschkow myocyte, 
and mononuclear cell infiltration. The presence of eosinophils in the left 
ventricular myocardium was seen in 2 cases of group B. These myocardial 
changes were absent in group C. Fig. 5 shows eosinophilic body in the left 
ventricular myocardium in a case of group B (B,). Fig. 6 demonstrates 
Anitschkow myocyte in the left ventricular myocardium in a case of group 
B (B,). 

No significant changes of the liver and kidney were noted in any of these 
groups. 

Changes in Circulating Anti-aorta Antibody Titer during the Experiment (Fig.7 
and 8) 

The presence of the complement fixing antibodies against the isologous 
aorta was detected only in group A, and their peak value was observed 2 to 7 
months after the beginning of the immunization. For the subsequent months 


Table V. Cardiac Changes 





Rabbit 
Location A, | A, | A,| A,| B, | B, | B | B, | B, | C, | C,| C,| C,} C,/| G, 
Changes 
LA 
Eosinophilic , 
body LV Ww de 
RV 4. 
LA 
Anitschkow . 
myocyte LV + | + 
RV 
LA 4 
Cellular : 
infiltration LV tt " 
RV 


+: mild, ++: moderate, ++: severe 


LA: left atrium, LV: left ventricle, RV: right ventricle 
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Eosinophilic body in the left ven- 
tricular myocardium in a case of group B (hem- 


Fig. 5. 


atoxylin-eosin stain, x 200). 


(CF Titer) 
160r 


Group A 


140F 
120F- 
100F 
80fF 
60F 
40+ 


20Fr 





. 
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Fig. 7. 
antibody titers in group A. 


(months) 


Changes in the complement fixing 
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Fig. 6. Anitschkow myocyte in the left ven- 
tricular myocardium in a case of group B. Note 
intranuclear 


the caterpillar-like structure 


(hematoxylin-eosin stain, x 200). 
(CF Titer) Group B 
20F- 


10F 
5+ 
@) 








l lL ] | 1 L 1 l l 
f1 234567 8 9101112 
0.5 (months) 





(CF Titer) 


10 
5 
0 


Group C 





12348 6 7 8 §101112 
0.5 (months) 
Fig. 8. 
fixing antibody titers in groups B and C. 


Changes in the complement 


their titers gradually decreased. There was no relationship between the degree 
of the histological changes and the titer of complement fixing antibodies. No 
significant rise in the antibody titer was found in groups B and C except for 
temporary and slight elevation of the titer in a few cases of group B. 


Discussion 


Many efforts have been made to find methods which might be helpful 


in the differential diagnosis of vascular diseases. 


These include clinical, bio- 
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chemical, histological, immunological and many other methods. 

The presence of active antigenic substances in the blood vessels of the 
rat was shown by Pressman and associates.”) Piomelli et al.*) clearly showed 
the antigenic property of human vessels. More recently, an autoimmune 
mechanism has been postulated for periarteritis nodosa, anaphylactoid purpura, 
aortitis syndrome and other forms of vasculitis. Some serological examination 
such as complement fixation reaction”:* and tanned agglutinin reaction® 
have been described between the sera of patients with aortitis syndrome or 
periarteritis nodosa and the extracts of human aorta. A_ few reports have 
so far been published, dealing with particular reference to immunofluorescence 
studies in aortitis syndrome’® and periarteritis nodosa.” Israel and_ his 
associates® injected the serum from patients with vasculitis to guinea pigs and 
produced the histologic lesions similar to those seen in human vasculitis. They 
did not, however, deal with the circulating antibody against human vascular 
constituents. 

The present studies showed that isologous extracts of aorta could act as 
antigens to produce the antibodies and to cause the aortic or arterial lesions, 
which were similar, at least in part, to those seen in the patients with aortitis 
syndrome, and that injections of the patients’ sera containing anti-aorta an- 
tibodies could also produce the similar vascular lesion. 

Analysis’ of the data of 72 autopsy cases of aortitis syndrome collected 
from 29 sources throughout Japan showed : |) edematous fibrosis of the intima, 
2) fragmentation of elastic fibers, diffuse fibrosis and chronic proliferative 
inflammation of the media, and 3) diffuse fibrosis and chronic proliferative 
inflammation of the adventitia. Distribution of these changes coincided with 
that of each other. 

In Koszewski’s case,*’ acute neutrophilic periarteritis progressed to pan- 
arteritis and produced arterial thrombosis. The later stages were characterized 
by fibroblastic hypertrophy of the adventitia and chronic inflammatory changes 
of the media and adventitia. In Harbitz’s case, the round cell infiltration 
in the aortic adventitia was very pronounced. Similar inflammatory changes 
were present in the carotid and subclavian arteries. Oota!” reported a case 
in which marked fibrosis of the adventitia of the aortic arch and its branches 
and atrophy of the media were seen. In Frévig’s case!) the aorta and its 
branches revealed massive inflammatory foci in the media and adventitia. 


The experimental arterial lesions produced in our present study showed 


that fragmentation of elastic fiber was marked in the aortic arch and its branches 
in group A, but that cell infiltration found in groups A and B was of rather 
mild degree, revealing scattering distribution. The celiac and superior 
mesenteric arteries were apparently the principal sites affected by cell infilt- 
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ration in both of these groups. The changes of elastic fiber mentioned above 
were similar to those seen in human cases of aortitis syndrome. Mild degree 
of cell infiltration in the same regions might indicate the healed or degenerative 
stage (inactive stage). 

From the facts that the vascular changes found in group A were not seen 
in group a, which was treated by the same procedures for 3 months, and that the 
peak value of the complement fixing titier of anti-aorta antibodies in group A 
was observed 2 to 7 months after the beginning of immunization, it is con- 
sidered that the rise in the titer of anti-aorta antibodies is not the result but the 
cause of the vascular changes. In other words, these changes may be at- 
tributed to specific antigen-antibody reaction, although no definite relationship 
was noted between the degree of the vascular lesions and the peak value of the 
antibody titer. A marked rise in the antibody titer as seen in group A was not 
recognized in rabbits of group B, in which passive immunization was performed. 
But, one of them (B,), in which the changes in elastic fibers and cellular in- 
filtration were most prominent, exhibited a transient rise in the antibody titer, 
which may be due possibly to an antigenic substance in the patients’ sera. 

In the present experiments, the rabbits of the control group (group C) 
received Freund’s adjuvant alone. However, more complete control study 
should include the treatment with the extracts of rabbit tissues other than the 
aorta as well as the immunization with the normal human serum. 

The significance of Anitschkow myocyte and eosinophilic body seen in 
the myocardial tissues in groups A and B is obscure. Perhaps both are due to 
reaction against foreign body or to immunological response. Anitschkow myo- 
cyte is the characteristic histiocyte of the myocardium and has owl-eyed or 
caterpillar intranuclear structure. Such an intranuclear structure was found 
in the imyocardial cells of patients who died of active rheumatic heart disease. 
Hoops and Wissler™ reported infiltration of large mononuclear cells resembling 
Anitschkow myocytes in the foci of cystic necrosis in the media of the aorta of 
a rabbit that was sacrificed a few days after intravenous injections of 2 large 
doses of horse serum and 2 courses of sulfadiazine treatment by mouth. Mc- 
Keown sensitized rabbits with intravenous injection of horse serum and found 
that the commonest change in these rabbits was coronary artery lesions such as 
inflammatory exudate surrounding and infiltrating the vessels. In addition, 
small granulomata, very much like Aschoff nodules, were present in the myo- 
cardium. These lesions were thought to be identical with those due to rheu- 
matic fever. 
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ABC Electrocardiographic Diagnosis of Ventricular 
Septal Defect 


E. R. TretHewre, M.D. 


SUMMARY 

ABC-E. C. G.’s in 22 cases of ventricular septal defect (18 pre-opera- 
tive, 4 post-operative) are analysed. 

Right, left and bi-ventricular hypertrophy were correctly assessed 
electrocardiographically. 

Characteristic appearances in Fallot’s tetralogy, PS with simple VSD 
and simple VSD are presented. 

The diagnostic value of the ABC tracings is evaluated. 


Additional Indexing Words : 


Fallot’s tetralogy Pulmonary stenosis Patent ductus Coarctation 
of the aorta Right ventricular hypertrophy Left ventricular 
hypertrophy Biventricular hypertrophy 


N ventricular septal defect most observers content themselves with assessing 
I some degree of chamber hypertrophy in the E.C.G., either left, right or 
combined hypertrophy. In many instances the standard 12-lead E.C.G. is 
normal. RSR forms may be seen in right precordial leads, especially with 
multiple defects. 

We have observed three types of E.C.G. in the orthogonal ABC leads in 
ventricular septal defect. 

1. Fallot’s Tetralogy 

Here the right ventricular hypertrophy with pulmonic stenosis is indicated 
by the very prominent R waves in all leads and virtually absent S waves. In 
pulmonic stenosis, as an isolated lesion, we have been able to relate the ratio 
RA/SB (measured in potential) to the actual level of pressure in the right ven- 
tricle (Trethewie, 1962) and this also indicates the gradient across the stenosed 
pulmonary valve or hypertrophied outflow tract in outflow obstruction, since 
the pulmonary artery pressure in such instances is nearly always in the range 
20-28 mm.Hg. In pure pulmonary stenosis, notching of the type now de- 
scribed does not occur. 

If one performs a synchronous ABC lead tracing, an upright wave (called 
upright ‘‘ Q”’ wave) is seen in lead B of approximately 0.25 mV. immediately 
preceding in time the R wave in lead B, which latter corresponds to the R 
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Fig. 1. (i) E.C.G. of a normal 7 year old male. Note the potential of 
S, namely 1.5 mV. Ry, is also of small potential, 0.7 mV. This is normal. 
R,/S,=0.47. Tg, is of normal shape and inverted. This is not rare in young 


children. Ty is commonly inverted at any age. 


(ii) E.C.G. of a normal male 19 years. Note upright T,, T,-normal 
shape. 


waves in leads A and C (Trethewie, 1953). This is a definitive wave and not 
like the irregular notching seen after cardiac infarction from varying fibrosis. 
This finding may also occur in lead C. The “QQ” wave action current is 
related to septal contraction and is absent in animals not possessing a septum. 
In Fallot’s tetralogy the membranous septum is almost always involved, though 
the defect may be of varying size. The aorta over-rides the defect and the septal 
papillary muscle is involved. Fig. 1 shows ABC tracings of a normal child of 
7 years (i) and a youth of 19 years (ii). Fig. 2 a(iv) shows a typical tracing in 
Fallot’s tetralogy. 

The thesis is presented that owing to the defect in the ventricular septum, 
with the close proximity of the bundle tissue, the septal dipoles during contrac- 
tion are orientated around the deficiency and owing to their displacement the 
directional vector of the ““Q”’ form of the action current of the septum is 
abnormal. This yields an upright instead of downward Q wave in lead B. 
The S wave in left ventricular hypertrophy is a large downgoing wave and in 
septal activity the Q wave should be downgoing, but owing to the disfiguration 
the action current at first is reversed directionally. VSD is associated with 
this change in lead B alone, lead B and C, occasionally in A, B and C, but 
not in A and B alone. The findings in the 18 pre-operative cases are shown 
in Table I. 

V.S.D. with Pulmonary Stenosis 

Ventricular septal defect may be associated with plumonary stenosis 
where the septal papillary muscle is not involved. 
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No. 6 
(i) (ii) 
(iii) (iv) 














pista at Bed 
Fig. 2a. (i) P.S. and V.S.D. P.S. shown by large R,, negligible S,. 
V.S.D. shown by small upright “‘Q” B. R.V.P. 84, L.V.P. 82 mm. Hg. Pre- 
operative and operative confirmation. 

(ii) P.S. and V.S.D.  P.S. shown by large Rg, negligible Sz. V.S.D. 
shown by small upright “*Q”’. Operative confirmation. 

(iii) P.S. and V.S.D. P.S. shown by large R,, negligible Sz. V.S.D. 
shown by small upright *‘Q”’B. R.V.P. 96 mm. Hg. Operative confirmation. 


(iv) Fallot’s tetralogy. Female aged 13 years. Details in text. 


In these instances the R wave prominence and reduced to negligible S 
wave of pulmonary stenosis are observed and there is a small-wave notching at 
the base of the R wave in lead B (Fig. 2a, (i), (ii), (ii1)) (Trethewie, 1955). In 
each of these instances a confident diagnosis of P.S. with V.S.D. may be made. 
These were all confirmed at operation. The correspondence of upright Q in 
B (notch at base of the R wave) as a “‘ Q.”’ wave is shown to be aligned (Fig. 3) 
with the downgoing Q of lead A. 

V.S.D. with Patent Ductus 

Two cases of V.S.D. occurred in this series associated with patent ductus. 
While there are no significant changes associated with P.D. other than L. or 
R.V.H. the V.S.D. appearance is still evident with the notching or step on 
Ry. This is shown in Fig. 2b, (i) V.S.D. with P. D. and R.V.H. while 
(ii) shows V.S.D. with P. D. and coarctation of the aorta. Here the Sp, 
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(1) 





Lead C 





Fig. 2b. (i) P.D. with R.V.H. and V.S.D. 
(ii) P.D. with V.S.D. and coarctation of the aorta. 





Fig. 3. ABC E.C.G. in 2 cases of ventricular septal defect with pul- 
monary stenosis. Note large R, and absent S of severe pulmonary stenosis. 
Upright ‘*‘ Q” is aligned with “‘Q” A in timing. 


is large 2.2 mV. associated with the L.V.H. of aortic coarctation. 

2. Insignificant V.S.D. 

In a number of instances of small insignificant muscular V.S.D. there 
is a notched S wave (Fig. 4, (i), (ii), (iii)) in lead B. In this series of 22 con- 
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(i) Lead B 
































(iii) 

















(ii) 
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Fig. 4. (i) E.C.G. of child 10 years with small unimportant V.S.D. 
History, auscultation, X-ray (angiogram) and catheter confirmed. 

(ii) E.C.G. of 4 year old male with mild V.S.D. Confirmation by 
history, auscultation, X-ray. 

(iii) Eleven month old baby. Moderate P.S. (large R,). Probable small 
V.S.D.—judgment on history, auscultation, X-ray (angiocardiography). 





Fig. 5. E.C.G. of child 4 weeks of age—note the prominent upright 
*“Q” wave of V.S.D. Diagnosis confirmed by catheter, angiocardiography. 


firmed V.S.D.’s 3 such cases occurred. While this finding is occasionally 
observed with perfectly normal hearts, when there are auscultatory findings 
suggestive of V.S.D. it adds to the significance and this association has been 
described previously (Trethewie, 1968). Further in so-called normals, one 
cannot be sure a small muscular insignificant V.S.D. is not present since these 
cases are not fully investigated. 

3. In V.S.D. unassociated with pulmonary stenosis an upright Q wave 
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(R prime), here considered to be an upright Q wave for the reasons elaborated, 
is observed again in lead B. This occurred in 5 instances in this series. A 
typical case is shown in Fig. 5, a tracing taken from a child of 4 weeks of age. 
Catheter and angiocardiography confirmed the diagnosis and operation was 
deferred because of respiratory illness and age. In some severe instances there 
is a deep downgoing slurred Qx, wave (ventricular strain) and a slurred R 
wave. 
4. Absence of notching 


In 4 instances there was no notching at the base of Rg to suggest V.S.D. 


Table I. Analysis of 18 Cases of V.S.D. with ABC E.C.G. 





Small step on R wave B- Upright R prime B=Q_ = Notched S.B. Negative 
6 5 3 4 

(one with changes (3 mild, | 

in C also) severe) 
% approx. 35 30 15 20 





Fig. 6. Diagram of common sites of V.S.D. 


A.V. Aortic valve 

C.S. IA. Conus septal defect 

C.S. Crista supraventricularis 
AVN Atrio ventricular node 
AVB Atrio ventricular bundle 
SCTV Septal cusp tricuspid valve 
SCVD 111 Septal cusp ventricular defect 
MD IV Muscular defect 

M.M. Va Muscular defect 

M.M. Vb Multiple muscular defect 
R.B. Right bundle 

L.B. Left bundle 

P.C, II High posterior defect 

L.B. Left bundle 

S.C. IB Conus defect 


P.V. Pulmonary valve 
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Two of these were minor negligible V.S.Ds. not requiring treatment, one was 
a high V.S.D. and one was an apical muscular V.S.D. (see Table I). In the 
conus (high) septal-defect the bundle tissue and action current in the septum 
cannot be expected to be affected because the bundle tissue and action current 
associated with the septal event are clear of the lesion (Fig. 6). In the apical 
V.S.D. this part of the septum contracts almost simultaneously with the ven- 
tricular apex and in this case there can only be negligible slurring. 

When notching occurs only in leads A and B the above conclusions do 
not apply, because leads B and C are more definitive of septal events than lead 
A. The case is then to be regarded as one of partial block and possibly as- 
sociated with a strain pattern but it is not of diagnostic significance in V.S.D. 

Notching may not be apparent with a heat writer when it is readily 
apparent with a cathode ray oscilloscope. Such a case regarded as negative 
notching may on heat writer amplification (Fig. 7) show the second wave to 
be evident by the broad base of the R in B and the fusion of the wave at the 
summit with the rise of the R wave. This appearance has been shown in the 
special configuration of atrial septal defect to form a classical step-wave on 
the oscilloscope (Lewis and Trethewie, 1954). 

Chamber hypertrophy : 

In 6 instances the E.C.G, indicated there was normal R and L ventricu- 
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Fig. 7. E.C.G. of V.S.D. with P.S. V.S.D. not indicated in normal heart 
tracing—amplification (2 x ) shows broad base of Rx with apex of “‘ upright ” 
Q fused with ascending limb of Rx. 
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Table II. Chamber Hypertrophy in ABC Leads in 18 V.S.D. ’s 
(pre-operative) 





oie RVH LVH R and LVH 

R dl "Pr os (Right Ventricular (Left Ventricular (Bi-Ventricular 

a Hypertrophy) Hypertrophy) Hypertrophy) 
E.C.G. 6 6 + 2 
Catheter : 

4 confirmed 5 confirmed 84, 96, 106, 2 confirmed 131, Both confirmed R/L 

2 not measured 131, 140 mm.Hg 119 mm.Hg * 68/85, 108/124 mm.Hg 

one not measured. 2 not measured 
35% 35% 20% 10% 


* Coronary cusp aorta, conus S.D. Blood pressure (brachial) in ward elevated (124 mm.Hg) A.I. 


lar pressure. In 4 instances this was confirmed by cardiac catheter. In 2 
it was not measured. 

Right ventricular hypertrophy was observed in 6 instances (Table II) by 
Ra/Sa R,/Sp = 0.0—0.08 in this series ) (normal 0.4—0.9 
in this series. In one instance, a baby 4 weeks old, this ratio was 0.1, but 
Ra was quite small and within normal limits, namely 0.35 mV.). In 5 of 
these the pressure was measured and found to be 84, 96, 106, 131 and 
140 mm. Hg. In the 6th instance it was not measured. 

In 4 instances, the E.C.G. indicated left ventricular hypertrophy (Sg4mV., 
5mV., 3 mV., 4mV.), (normal |—1.5 mV.) (Trethewie, 1968). In 2 of these 
instances this was confirmed by catheter (131, 119 mm.Hg) and in the remain- 
ing 2 it was not measured. In L.V.H. the above ratio was 0.89-2.5. 

In 2 instances there was biventricular hypertrophy by ABC analysis 
(Ra 3mV., 3.5 mV., Sg 7.6 mV., 4.5 mV. respectively) and both were con- 
firmed by catheter sutdy (68, 124mm.Hg, 108, 124 mm.Hg respectively). 
With B.V.H., the above ratio was 0.44 and 0.49. 

Upright “ Q”’ wave 

That the R wave forms appearing like RSR! is actually an upright “ Q” 


electrocardiography ( 





Fig. 8. E.C.G. of P.S. with V.S.D. Lead B placed over lead A—upright 
“Q” B aligns with “Q” A. 














wes ABC ELECTROCARDIOGRAPHIC DIAGNOSIS OF VSD 591 


is shown by the tracing of Fig. 8. This shows lead B overlaid on lead A 
(pulmonary stenosis, muscular V.S.D.) and the notch at the base of Rg lines up 
with Q,. This timing indicates “ R” is a septal event and is in fact due to 
a V.S.D. altering the orientation of the muscular excitation wave. The com- 
parison of P- upright “‘Q” and PR interval is shown in Table III. 

In one instance the E.C.G. diagnosis was incorrect. The report was 
‘* T have not seen this constellation before (notching includes R, as well without 
R.) but I would consider the child has pulmonary stenosis, which is definite 


Table III. P— “Upright” Q Interval B, Related to 
P—R Interval A 





Subject No. P—“Q”, P—R, P—“Q”, 
13 0.16” 0.20” 0.16” 
14 0.10 0.12 0.10 
15 0.10 0.14 0.10 
16 0.13 0.16 0.13 


That this upright wave in B is a “Q” is indicated by the timing. 
It occurs at the time of the “Q” wave in lead A. 


(i) (ii) 












































(iii) 
Lead B 
bead G (iv) 





Fig. 9. (i) Post-operative E.C.G. Simple repair of muscular V.S.D. 
Note the upright “Q” B. 

(ii), (iii) and (iv): Block pattern following operation—patch repair, (ii), 
transatrial closure (iii), patch V.S.D. (iv). Typical R.B.B. patterns following 
extensive operative septal suture. 
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(R.V.P. about 140 mm.Hg) and probably also a V.S.D. which is high up near 
the atrium.”” At operation pulmonary stenosis (RVP 131 mm.Hg) was found 
but no V.S.D. Since I have never seen a preoperative V.S.D. with notching 
in RA and RB and not in RC, this was an incorrect assumption. 

Post-operative appearance of ABC E.C.G.: 

Postoperatively in | of 4 instances the E.C.G. was typical of V.S.D. 
preoperatively. There was an upright Q wave, 0.5 mV. against Rg and an 
upright ““Q”’ wave 0.4mV. against Rc (Fig. 9 (i)). This patient, operated on 
6 months previously, had a simple repair of a simple muscular V.S.D. In the 
other 3 instances a gross right bundle block obscured any diagnosis (Fig. 9 (ii), 
(iii), (iv)). Two were Fallot’s tetralogy with a patch repair and a transatrial 
closure of the V.S.D. and the other was a patch repair of a severe V.S.D. 
The suture must, in these instances, affect bundle distribution in the septum 
and account for the block pattern. 
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Special Article 


A Reappraisal of Atrioventricular 
Dissociation" 


Edward K. Cuunc, M.D., F.A.C.C.** 


OR many years confusion has existed regarding the precise definition and 
F terminology of atrioventricular (A-V) dissociation. There are many 
publications!~” relating to the subject. Cushny,” in 1897, first demonstrated 
digitalis-induced A-V dissociation experimentally in the dog. A similar ex- 
periment was performed in 1906 by Von Tabora.”) Characteristic of the con- 
fusion, is whether or not complete A-V block should be included in complete 
A-V dissociation. However, the term “complete A-V dissociation”? has more 
clarify than that of “incomplete A-V dissociation ”, which has been alluded to 
as “‘ interference-dissociation ’’, ‘‘ dissociation with interference’, ““A-V dis- 
sociation with captured beats” and “incomplete A-V dissociation ”.)~?) 
Some investigator differentiated complete A-V block from complete A-V dis- 
sociation by simply stating that the atria beat faster than the ventricles in the 
former and vice versa in the latter. Such a definition is erroneous because 
complete A-V block is one of the important causes of complete A-V dissociation 


and the above mentioned relationship is not always true. 


DEFINITION 


By definition, A-V dissociation indicates that the atria and ventricles beat 
independently, so that P-waves and QRS complexes do not have constant 
relationship on the electrocardiogram. The various etiologies responsible for 
the development of A-V dissociation are illustrated in Diagram 1. It should 
be emphasized that A-V dissociation is by no means a simple arrhythmia and 
it is always a consequence of some other cardiac mechanism. 


* From the Heart Station and the Department of Medicine, West Virginia University School of 


Medicine, Morgantown, West Virginia. 
** Associate Professor of Medicine, Physician-in-charge, Electrocardiographic Laboratory. 
Received for publication August 24, 1968. 
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CLASSIFICATION AND CLINICAL SIGNIFICANCE 


The following basic disorders produce A-V dissociation : 

1) Disturbances of sinus impulse formation and conduction : 

The inherent rate of the primary pace maker (sinoatrial node) in normal 
adults is 60 to 100 per min., that of the A-V node 45 to 55 and the ventricles 
30 to 40.7.8) Whenever the primary pacemaker produces an impulse slower 
than usual (sinus bradycardia and sinus arrhythmia) or fails to conduct impulses 
to the A-V node due to block at the sinoatrial junctional tissue (sino-atrial block) 
or fails to produce an impulse (sinus arrest or pause), the A-V node or ventricles 
may “take over”, producing A-V nodal escape or idioventricular rhythm 
respectively. Almost always, in this situation, A-V nodal escape rhythm ap- 
pears because of a faster inherent rate in the A-V node as compared with the 
ventricles. 


mAL 
eV Oro 
we rod WS BS | | j j { 


Fig. 1. Lead Il-a, b, c, and d are continuous. Arrows indicate P-waves 
and CB indicates ventricular captured beat. The rhythm is incomplete A-V 
dissociation characterized by sinus bradycardia (47 per min.) and A-V nodal 
escape rhythm (53 per min.). 

The atria and ventricles would beat independently but at a similar rate, 
if the rate of the primary pacemaker slowed to the level of A-V nodal escape 
rhythm (Fig. 1). This type of A-V dissociation may be observed in healthy 
young adults without any evidence of heart disease. On the other hand, it 
may be observed during the administration of various drugs including digitalis, 
reserpine and guanethidine. It has little clinical significance. However, if 
the mechanism is sinus arrest or sinoatrial (S-A) block, it is always due to serious 
cardiac disease, such as acute diaphragmatic myocardial infarction, acute 
myocarditis etc. or intoxication due to various drugs, particularly digitalis.® 
A-V dissociation almost always appears but as a temporary phenomenon when 
intermittent and brief sinus arrest or S-A block occurs. For a similar reason, 
A-V dissociation may temporarily develop following the pause after any pre- 
mature ectopic impulse, when A-V nodal escape beats appear to control the 
ventricles. However, one of the lower pacemakers (A-V node or ventricles) 
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Fig. 2. Lead Il-a and b are continuous. Arrows indicate P-waves 
having no consistent relationship to the QRS complexes. The rhythm is 
complete A-V dissociation due to A-V nodal tachycardia with a ventricular 
rate of 72 per min. 


may take over the entire cardiac activity, if S-A block or sinus arrest persists 
for a long period of time. 

2) Acceleration of impulse formation in the A-V node or ventricles : 

In this instance, the sinus node produces cardiac impulses as usual but the 
A-V node or ventricles initiate impulses at a faster rate, thus resulting in A-V 
dissociation (Fig. 2). Rapid ectopic pacemaker action may appear on the 
electrocardiogram as a paroxysmal or non-paroxysmal tachycardia. Par- 
oxysmal A-V nodal tachycardia may occur in healthy individuals and have 
almost the same clinical significance as sinus tachycardia. Non-paroxysmal 
A-V nodal tachycardia is almost always found in heart disease such as rheumatic 
carditis, acute diaphragmatic myocardial infarction or digitalis intoxication.*)*) 
The heart rate in this arrhythmia ranges between 70 and 130 per min.*)— 

Ventricular tachycardia and rarely flutter may be associated with A-V 
dissociation but it is quite difficult and often impossible to detect atrial activity 
(either sinus or ectopic) because during paroxysms, the atrial waves are usually 
superimposed on bizzare and wide QRS complexes. Ventricular tachycardia 
associated with A-V dissociation, needless to say, is almost always indicative 
of serious heart disease and/or drug intoxication particularly the cardiac gly- 
cosides.® 

3) Atrioventricular (A-V) conduction disturbances : 

Whenever the sinus impulse is not conducted to the A-V node and ven- 
tricles due to a block in the A-V junctional tissue, the common bundle or 
bilateral bundles, A-V nodal escape rhythm or idioventricular rhythm de- 
velops to control the ventricles as a physiologic mechanism. In this instance, 
the atrial rate is faster than and also independent of the ventricular rate (Fig. 3). 
Often, A-V block and S-A block develop in the same patient. This is par- 
ticularly common in acute diaphragmatic myocardial infarction and digitalis 
intoxication.*’— In addition, complete A-V block may develop during acute 
rheumatic fever, subacute bacterial endocarditis, measles, mumps, various 
other viral infections, typhus, coronary artery disease without infarction, anoxia 
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Fig. 3. Arrows indicate P-waves in lead II. This tracing exhibits sinus 
rhythm (rate : 98 per min.) with A-V nodal escape rhythm (rate: 55 per min.) 
due to complete A-V block producing complete A-V dissociation. In addi- 
tion, there is slight S-T segment elevation in leads III and aVy due to diaphrag- 
matic subepicardial injury. 


from anesthesia, pulmonary embolism, shock, various primary myocardial 
diseases, such as amyloidosis and idiopathic cardiomyopathy and various con- 
gential heart disease.) Congenital complete A-V block has also been re- 
ported.?”? 

Captured Bearts: If the mechanism of A-V dissociation is not complete 
A-V block, whenever any chamber is in the non-refractory state, one of the two 
pacemakers may activate the entire heart. In other words, the sinus pace- 
maker may control the ventricles when the latter are not in a refractory phase. 
This is termed ventricular captured beats’) (Fig. 1). Likewise, an ectopic 
pacemaker in the A-V node or ventricles which controls the ventricles may 
activate the atria in a retrograde fashion when the latter are not in a refractory 
phase. This phenomenon is termed atrial captured beats* (Fig. 4). Ven- 
tricular captured beats occur more frequently than atrial because retrograde 
activation is more difficult physiologically than forward conduction.” If the 
captured impulse in the atria or ventricles simultaneously meets with an impulse 
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Fig. 4. The tracing shows sinus tachycardia and A-V nodal tachycardia, 
producing incomplete A-V dissociation. ACB indicates atrial captured beat. 


i a 








Fig. 5. The tracing shows predominantly double A-V nodal rhythm 
and an area of sinus rhythm with intermittent A-V dissociation. Downwardly 
directed arrows indicate sinus P-waves, while upwardly directed arrows (group 
A) indicate retrograde P-waves. The sinus P-P interval is 0.98 sec.: the re- 
trograde P-P interval, 1.16 sec. ; and the R-R interval of the group B nodal 
rhythm is 0.92 sec. Note the occasional atrial fusion beats in leads aVp and 
aVy (marked FB). The ORS complex of the tenth beat in lead V, is most 


likely a conducted beat originating from the group A nodal pacemaker. 
from another pacemaker, partial captured beats develop and this phenomena 
may be referred to as ventricular or atrial fusion beats (Fig. 5). Recognition 
of captured beats is not difficult because they occur prematurely with a constant 
P-R or R-P relationship (Fig. 1). Often, captured beats exhibit aberrant 
ventricular conduction because of a short coupling interval. Once a captured 
beat occurs one pacemaker may control the entire heart either temporarily or 
continuously (Fig. 5). In any event, whenever a captured beat (either com- 
plete or partial) is present, this should be termed as “ incomplete A-V dissocia- 
tion” because the atria and ventricles have some relationship to each other 
even though only momentarily. This has also been called “ interference dis- 
sociation’, “ dissociation with interference”? and “‘A-V dissociation with 
captured beats”’."-”) In the presence of intermittent complete A-V block, 
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Fig. 6. Arrows indicate P-waves. This tracing shows sinus arrhythmia 
(rate: 73 per min.) with intermittent A-V nodal escape beats (rate: 40 per 
min.) due to high degree A-V block producing incomplete A-V dissociation. 
There are occasional ventricular captured beats with long P-R intervals (in- 
dicated x). 


captured beats may intermittently occur and this situation has been called 
“high degree or advanced A-V block” or “ almost complete A-V_ block ” 
(Fig. 6). This is also a form of incomplete A-V dissociation. 

If there are no captured beats, and the atria and ventricles beat inde- 
pendently throughout, this should be called “‘ complete A-V dissociation ”’.*):4).7) 
It should be noted that complete A-V dissociation may be shown to be in- 


complete if a longer strip is available and the mechanism is not complete 
A-V block. 


Ectopic ATRIAL MECHANISM IN A-V DissocIATION 


In A-V dissociation the atria are not necessarily controlled by the sinus 
mechanism and likewise the ventricles may be controlled by either the A-V 
node or the ventricles themselves. Therefore, the atrial mechanism may be 
either atrial fibrillation, atrial flutter or atrial tachycardia. Under these 
circumstances, either complete or incomplete A-V dissociation may develop. 
For example, there may be present atrial fibrillation with A-V nodal escape 
rhythm or idioventricular rhythm due to complete A-V block (Fig. 7). Atrial 














Fig. 7. Lead II-a and bare continuous. The rhythm is atrial fibrillation 
with A-V nodal escape rhythm due to complete A-V block resulting in com- 
plete A-V dissociation. 


fibrillation with A-V nodal tachycardia or ventricular tachycardia without 
A-V block (Fig. 8) may also be present. 

If an exit block in varying degree is present below the ectopic pacemaker 
in the A-V node, the ventricular action may show or become irregular (Fig. 9). 
When the exit block is of the Wenckebach type, the cardiac rhythm will show 
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Fig. 8. Lead V,-a, b and c are continuous. FB indicates ventricular 
fusion beat. The rhythm is atrial fibrillation with A-V nodal tachycardia 


(indicated arrows) with aberrant conduction (rate: 123 per min.) resulting in 


incomplete A-V dissociation. 
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Fig. 9. Atrioventricular nodal tachycardia (rate 83 per min.) with inter- 





mittent 2:1 exit block and atrial fibrillation producing incomplete A-V dis- 


sociation. Numbers represent hundredths of a second. 
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Fig. 10. Lead V,-a and b are continuous. Arrows indicate P-waves. 
Tracing shows atrial tachycardia (rate: 180 per min.) and atrioventricular 
nodal tachycardia (rate: 74 per min.) producing complete atrioventricular 
dissociation and frequent multifocal ventricular premature beats. (In lead II: 
third, fifth and ninth beat, V,-a: third, fourth, sixth, tenth, and twelfth, V,-b: 


second, fourth, fifth, seventh, eleventh, thirteenth, and fourteenth). 
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regular irregularity. Occasionally, further acceleration of A-V nodal impulse 
formation will occur particularly in the presence of atrial fibrillation. This 
results in bidirectional A-V nodal tachycardia. This arrhythmia is almost 
pathognomonic of digitalis intoxication during digitalis therapy. 

Atrial tachycardia and A-V nodal tachycardia may co-exist producing 
so called “ double supraventricular tachycardia ’’®1*) (Fig. 10). The above 
mentioned types of A-V dissociation have been frequently found in patients 
with digitalis intoxication.® 


DousLe A-V Nopat RuyTHM OR TACHYCARDIA 
In a rare form of A-V dissociation, the atria and ventricles are controlled 
by two different pacemakers located at the A-V junctional tissue (Fig. 11). 


In this instance the atria are activated in retrograde fashion. Occasionally, 
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Fig. 11. Complete A-V dissociation due to double A-V nodal rhythm with- 
out sinus activity. Arrows indicate retrograde P-waves. The atrial rate is 40 
per min. (A-V nodal escape rhythm), and the ventricular rate is 78 per min. 


(nonparoxysmal A-V nodal tachycardia). 


the atria may be intermittently activated by the sinus node in the presence of 
double A-V nodal rhythm or tachycardia resulting in triple rhythm (Fig. 5). 
In this case, atrial fusion beats may be observed, placed between antegrade 
sinus and retrograde A-V nodal impulses (Fig. 5). Each pacemaker at the 
A-V junction may produce an A-V nodal escape rhythm or A-V_ nodal 
tachycardia but in the majority of the reported cases in the literature, the 
lower A-V nodal pacemaker induced a more rapid rate than the upper 
pacemaker.*®) In double A-V nodal rhythm or tachycardia, the pacemaker 
activating the atria is probably located in the upper portion of the A-V node 
whereas the pacemaker activating the ventricles is most likely located in the 
lower portion of the A-V node. Digitalis intoxication is the most common 
cause of double A-V nodal rhythm or tachycardia.*? 
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Case Report 


Isolated Levocardia with Polysplenia in an Aged with 
Special Reference to Minor Cardiac Abnormalities 


Masaya Suciura, M.D., Ryozo Oxapa, M.D., 
and Keisuke Hiraoka, M.D. 


SUMMARY 


A world-oldest necropsy case of the isolated levocardia with situs 
inversus abdominalis and polysplenia was presented. The case was 75- 
year-old female, who died of bronchopneumonia and cerebral thrombosis. 
The heart showed rather symmetrical architecture, that is, (1) almost same 
level of mitral and tricuspid ring and therefore absence of atrial part of 
the pars membranacea, (2) an anomalous muscle bundle in the left 
ventricle simulating the crista supraventricularis and (3) symmetrical 
course of the conduction system in the central fibrous body. 

Thirty-one cases with combination of levocardia and situs inversus 
abdominalis in Japanese literatures were reviewed. Only 2 of them 
had grossly normal hearts and the others had major anomalies incom- 
patible to long survival. 


Additional Indexing Words : 


Levocardia Situs inversus  Polysplenia Gerontology Congenital 
heart disease Abnormal muscle bundle in the left ventricle Symmetrical 
heart Conduction system 


EVOCARDIA with total or partial inversion of abdominal viscera is a 
a: relatively rare anomaly and commonly complicated with major con- 
genital heart disease such as truncus arteriosus, transposition of the great 
vessels, pulmonary stenosis, common atrioventricular orifice, atrial septal 
defect, ventricular septal defect and so on.’»*» Asplenia**) and polysplenia® 
are also frequently associated with major cardiac malformations. Such a 
case hardly survives beyond childhood due to hemodynamic disturbances. 

This is a report of a case of isolated levocardia with situs inversus and 
polysplenia found in an aged woman. In spite of coexistence of situs inversus 
abdominalis and polysplenia, it was noteworthy that no major anomaly of the 
heart was found in our case. Instead, minor anomalies in the heart suggesting 

From the Department of Internal Medicine, Yoiku-in Hospital, Tokyo Municipal Home for the 


Aged, Itabashi, Tokyo. 
Received for publication June 1, 1968. 
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more symmetrical architecture than usual were recognized. The symmetrical 
architecture seen in the ventricles and the conduction system would be valuable 
to clarify pathogenesis of this kind of anomalies and should be emphasized as 
their “forme fruste.” A total of 31 reported cases in Japan were also reviewed 
and discussed. 


CasE REPORT 


A 75-year-old woman (T.!.) entered the Yoiku-in Hospital in March, 1967, 
because of gait disturbance and speech disturbance of recent development. She had 
developed normally from her childhood and experienced no particular diseases until 
June, 1963, when she suffered from the first attack of cerebral vascular disease, 
followed by an uneventful recovery. In December 1963, X-ray films of the chest 
and the upper gastrointestinal series revealed that her stomach was on the right 
side, despite the usual cardiac position. On her admission, her general status was 
poor with right hemiparesis, incontinentia urinae, and gait and speech disturbances. 
Percussion of the chest revealed a slightly enlarged heart by one finger breadth to 
the left and there was a 1/6 systolic murmur of ejection type at the apex. Liver, 
spleen and kidneys were not palpable. The chest X-ray film (Fig. |) showed a slight- 
ly enlarged heart, stomach fornix below the right diaphragm, and no abnormalities 
in the lung fields. Electrocardiogram (Fig. 2) showed a development of rsr’ pattern 
in leads V, to Vz in March, 1967. There were depression of ST segment in leads V, 
and V,, and marked inversion of the T waves in leads II, III, aV, and V, to V4. Her 
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Fig. 1. Chest X-ray film. Note normal position of the Fig. Electrocardiogram. 


heart and inverted position of the stomach fornix (arrow). 
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clinical course was complicated by fever, cough and sputa with increasing dry and 
moist rales in the bilateral lung fields, and died on April 6, 1967, despite an intensive 
treatment with various antibiotics. Clinical diagnoses were (1) situs inversus with 
levocardia, (2) right hemiparesis due to cerebral thrombosis and (3) bronchopneu- 
monia. 

Autopsy findings: Both lungs had 3 lobes. The liver was symmetrical in shape 
and situated in the middle of upper abdomen, and the gallbladder was also on the 
center line. Three spleens (25 Gm., 10 Gm. and 5 Gm. each) were present in the 
right side. The stomach, duodenum and pancreas were inverted completely to the 
right side with mesenterium commune. Pyloric ring of the stomach was absent. 

Heart weighed 340 Gm. and the anterior descending branch of the coronary 
artery had a marked stenosis up to 75% at the stem and some scattered myocardial 
fibrosis at the anterior wall. Gross findings of the heart showed no abnormalities 
in its location and in the relative position of 4 chambers and the great vessels. 
Cardiac shape was peculiar with a protruded shoulder of the right ventricle, which 
seemed to be situated relatively high as compared to the left ventricle (Fig. 3a). 
Right atrium and ventricle showed a slight dilatation and hypertrophy, and the pars 
membranacea of the interventricular septum was normal in size but located complete- 
ly below the tricuspid ring (Fig. 3b). When viewed from the left ventricle, the pars 
membranacea was in normal position. There was an anomalous muscle bundle 
situated between conus and sinus portions of the left ventricle and projected to the 
anterior wall from the ventricular septum (Fig. 3c). 





Fig. 3. Gross view of the heart. 


a. Frontal view. Protruded shoulder of the right ventricle is noted. 

b. Rgith side of the heart. Arrow indicates abnormal positicn of the 
pars membranacea. 

c. Left side of the heart. Arrow indicates the anomalous muscle bundle 


in the left ventricle. 


The conduction system was studied histologically by serial sectioning. Muscle 
cells in the A-V node were scattered widely to the left beyond the center line with 
abundant adipose tissue therearound, which should be normally located at the right 
side (Fig. 4a, b). The bundle of His of normal size penetrated through the central 
fibrous body nearly on the center line (Fig. 4a, c). Distal to the bifurcation the right 
bundle branch narrowed itself extremely for length of 5 mm. and went around the 
lower margin of the pars membranacea of the interventricular septum (Fig. 4a, d), 
then descended down forming a loop at a sharp angle. The left bundle branch ran 
almost in normal manner but some of its fibers entered into the anomalous muscle 
bundle. 
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AVnode Frontal view 


M-Viv 





Right side view 


CONDUCTION SYSTEM 





Fig. 4. a. Schema. M-Vlv.: mitral valve, T-Vlv.: tricuspid valve, LBB: 
Left bundle branch, RBB: right bundle branch, Cor. S.: coronary 
sinus, F. O.: foramen ovale, P. M.: pars membranacea. 

b. A-V node (AVn). Widely scattered nodal cells. 20X Weigert 
van Gieson stain. 

c. His bundle (HIS). Median position of His bundle. 20X 
Weigert van Gieson stain. 


d. Right and left bundle branches (RBB and LBB). 


The other findings included multiple old and fresh foci of cerebral softenings and 
acute confluent bronchopneumonia. 


DIscussION 


Levocardia with total or partial inversion of abdominal viscera is a rare 
anomaly, which is usually associated with major congenital cardiac malfor- 
mations and sometimes with splenic anomaly. The low incidence of this anom- 
aly was pointed out by Campbell® as only 14 cases found between 1947 and 
1955 and by Monma?”? as 8 cases found between 1952 and 1963. Later 8 and 
13 cases were reported respectively by Young* and Lev.®) In Japan, the first 
case reported in 1908 by Miwa’ was followed by a total of 31 cases by 
Monma,’) Kobayashi!” and others. 

Analysis of these 31 cases revealed female preponderence (19:9) and 
short survival not beyond 10 years of age in 87 per cent of the cases (Table 1). 


Keith et al.” stated that only 6 per cent of the cases survived beyond 5 years, 
and the Campbell’s oldest case was 19 years of age.® The oldest one in the 
previous reports was a 42-year-old man.” Therefore, our case may be the 
oldest in the world. 
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Table I. Age and Sex Distribution among the 31 Reported 
Cases of Isolated Levocardia in Japan 





Male Female Pa... A Total 

Premature infant l 2 | + 
Under | yr 5 9 14 
1 to 10 yrs l 5 

11 to 20 yrs l 2 | 4 
Over 21 yrs l | 2 
No age given ] | 
Total 9 19 3 31 


Table II. Congenital Malformations of the Spleen and Heart 
in 31 Reported Cases of Isolated Levocardia in Japan 





Anomalies of the heart 


Anomalies of spleen gis . 
Total ASD VSD TGV ps_ Miscella- Normal 


neous heart 

Normal spleen Normal position l | | | l 

Inversion 4 3 2 3 | 
Abnormal spleen  Asplenia 13 11 10 8 4 3 

Multiple or 9 6 5 4 9 | 9x 

accessory spleen 

Multilobulated or 

bizarre-shaped 4 4 2 3 3 

spleen 

Total 3] 25 20 18 11 5** 2 


ASD: atrial septal defect, VSD: ventricular septal defect, TGV: transposition of the great 
vessels, PS: pulmonary stenosis. 

* (1) 2 Mo. female, Partial inversion of abdominal viscera with multiple spleens. 

(2) 42 yrs male, Partial inversion of abdominal viscera with accessory spleen.'” 

Patent ductus arteriosus, aberrant great vessels and so on. 


Pe 

As to positions of the abdominal viscera in these 31 cases, total inversion 
was found in 12 cases, and partial inversion in 19. Normal spleen was found 
in 16 per cent of the cases. Asplenia was seen in 42 per cent, and multiple and/ 
or accessory spleens were in 29 per cent. Only 2 cases (6%) among them 
had normal heart, one was associated with multiple spleens, and another with 
an accessory spleen. All of the others had some major cardiac malformations 
such as atrial septal defect (25 cases, 81°), ventricular septal defect (20 cases, 
65 %,), transposition of the great vessels (18 cases, 58°), and pulmonary stenosis 
(11 cases, 35°). These associated major cardiac anomalies may explain the 
short survival of the cases. 


As to morphogenesis, D-loop of the cardiac tube coexisting with situs 
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inversus of the abdominal viscera was supposed to be fundamental for the 
discordant situs of heart and abdominal viscera.’* In asplenia and poly- 
splenia syndrome, whole pathologic phenomena could be well explained by an 
assumption that the formation of the cardiac loop and situs of abdominal vis- 
cera were more symmetrical than usual.®) Besides several symmetrical ex- 
tracardiac organs, even grossly normal heart in this case showed several sym- 
metrical architectures in detail. Among them, protruded right ventricular 
shoulder in the frontal view is a common characteristics among other types of 
congenital heart diseases such as ventricular septal defect and common atrio- 
ventricular orifice, which is assumed as an outer reflection of elevated level of 
the tricuspid ring. These anomalies could be intimately related to incom- 
plete or improper closure of the pars membranacea of interventricular septum. 

Outstanding findings in our case consisted of (1) symmetrical 3 lobes 
of both lungs, (2) symmetrical liver, total inversion of the stomach, duodenum, 
pancreas and common mesentery, (3) 3 spleens in the inverted position, 
and (4) symmetrical heart, that is, relatively high position of the tricuspid 
ring, anomalous pars membranacea of the ventricular septum, anomalous 
muscle bundle in the left ventricle and symmetrical course of the conduction 
system. These findings advocate the hypothesis of the symmetry of visceral 
anlages for morphogenesis of this kind of anomaly. 
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Metabolism, inyocardial, of protein and amino 
acids, 368 

Metabolism of myocardium, intermediary, 368 

Methoxamine, 142 

Microelectrode, 162 

Microscopic cerebral hemorrhage, 187 

Microsomal protein, 393 

Microsome fractions of renal cortex, antiserum 
of, 461 

Mitral insufficiency, 241 

Mitral stenosis, left atrial pressure in, 134, 241 

Mitral valve disease, hemodynamic studies of, 
241 

m-RNA, metabolism in cardiac hypertrophy 
and heart failure, 393 

Multiple punctate cerebral hemorrhage, 186 

Myocardial fibrosis, 265 

Myocardial incompetence, reversed splitting of 
the second sound, 539 

Myocardial infarction, 
cardiac rupture following, 265 
septal perforation following, 411 
spatial velocity electrocardiogram in, 64 

Myocardial metabolism, of protein and amino 
acids, 368 

Myocardial nucleic acids, and proteins metab- 
olism in experimentally induced cardiac hy- 
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Oxidative metabolism, in cardiac metabolism, 
57 


Oxygen, 100%, and regional cerebral blood 
flow, 349 


P 
P wave axis, frontal, 201 
Patent ductus, and ABC lead tracings, 583 
Patent ductus arteriosus, calcified, 316 
Paulin’s method, 
clinical experience, 258 
coronary arteriography, 258 
Pentose monophosphate shunt, 
in cardiac shunt, 57 
Peripheral resistance, 
local, on systemic arterial pressure, 487 
Persistent left superior vena cava, 200 
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cardiac metabolism in, 57 
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